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RENDERING OBJECTS 
Technical Field 

The present invention relates generally to rendering objects, and in particular to 
rendering a self-overlapping polygon. 

Background 

Scan conversion is a computer graphics process in which geometrical objects such 
as lines and polygons are converted into pixel data for displaying on a raster device. Scan 
conversion can either operate in a simple "aliased" or more sophisticated "anti-aliased" 
mode. 

In aliased mode, each display pixel is assigned one of two values according to 
11 whether it is classified as being inside or outside of the object being scan converted. It is 

y] well known that in this mode, "aliasing" effects can occur along the edges of objects, 

J which give rise to "jagged" appearance. Techniques aimed at reducing or eliminating this 

^ effect are referred to as anti-aliasing techniques. They work by blending the object's 

^ 15 colour with the colour of the background along pixels lying on the edges of the object to 
gJ create smooth transitions between pixels lying outside and inside the object. Scan 

Q conversion methods that incorporate these techniques are said to be operating in "anti- 

aliased" mode. 

Existing anti-aUasing techniques generally fall into one of three types: filtering, 
multi-point sampling, and area sampHng. Filtering techniques work by applying a low- 
pass fiher to the pixel values produced by an aliased scan conversion of an object to 
remove the high spatial frequency components that give rise to the "jagged" appearance 
of edges. Since this requires a matrix multiplication at each pixel, filtering techniques are 
computationaUy expensive. Filtering also has the effect of bkuring horizontal and 
vertical edges that fall exactly on pixel boundaries that would otherwise appear sharp 
when scan converted using other anti-aliasing techniques, which may be undesirable. 

In multi-point sampling, each pixel is sampled at several different locations at 
which tests are made to identify which of these points lie inside the object being scan 
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convcrted. The pixel is then assigned a value based on the number of such points. 
Variations of this technique also exist whore sampUng is performed along several 
continuous horizontal or vertical line segments within each pixel instead of at discrete 
locations. The pixel is assigned a value based on the total length of these line segments 
5 that lie inside the object being scan converted. 

A disadvantage of multi-point sampling is that it does not handle thin edges well. 
Consider the examples shown in Fig. 1 and Fig. 2. The object being scan converted in 
both cases is a thin, near-horizontal line. In Fig. 1, sampling is performed at nine equally 
Spaced points within each pixel. The white and black circles represent sampling points 
10 that lie outside and inside of the line respectively. It can be seen that since all sampling 
points in pixels 3 and 6 lie outside of the line, these pixels will be treated as if they lie 
con:q)letely outside of the line, and hence the scan converted line will appear broken. 

A similar problem exists in Fig. 2, where sampUng is performed over three 
horizontal line segments per pixel denoted by the dotted lines. The portion of these line 
15 segments that lie inside the line being scan converted is highlighted black in the Fig 2. 
Again, the scan converted line will appear broken at pixels 3 and 6. 

The third type of anti-aliasing technique is area sampling, where each pixel is 
assigned a value according to the percentage area of the pixel that falls inside the object 
being drawn. Its advantage over multi-point sampling is that it does not suffer from the 
20 problem illustrated in Fig. 1 and Fig. 2 that arise when scan converting thin lines. The 
overriding disadvantage of area sampling is that whilst straight lines and simple polygons 
can easily be handled, complex, self-overlq)ping (or self-intersecting) polygons pose a 
problem because of the computational intensive nature of processing such polygons. It 
has been suggested to convert these complex and/or self-overlapping polygon into a 
25 plurality of simple mutually exclusive non-intersecting polygons prior to area sampling. 
However, the procedure involved is potentially time consuming since it requires the 
calculations of the intersections between every pair of edges of the polygon. This has the 
disadvantage of adding an extra burden to the abready costly area sampling process. 
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When scan converting a complex or self-overlapping polygon, it is necessary to 
select a fill rule. A polygon is a set of one or more closed curves each comprising of a 
number of vertices comiected by straight line segments. Each closed curve is also known 
as a contour and has an associated direction. A polygon is said to be simple if it 
comprises of only a single contour, otherwise it is said to be complex. A polygon is also 
said to be self-overlapping or self-intersecting if one or more of its contours crosses over 
itself or over other contours. Examples of the possible different types of polygons arc 
shown in Figs. 3(A), 3(B), 3(C), and 3(D). 

Odd-even and non-zero wmding are two fill rules well known to those skilled in the 
10 art based on the winding count of a point. The winding count of a point is defmed as 
follows: draw an aibitraiy path from any point outside of the polygon to this point. Count 
the number of times a contour crosses the path firom one side of the path to the other, and 
the number of times a contour crosses the path in the opposite direction. The winding 
^ count of the point is the obtained by subtracting the second number fi-om the first 
15 When using the odd-even fill rule, points that have odd winding counts are 

considered to be mside the polygon and are hence filled with the polygon's colour and 
opacity, whilst points with even winding counts are considered to be outside the polygon 
and are not filled 

When using the non-zero winding fill rule, points that have zero winding counts are 
20 considered to be outside the polygon, whilst points with non-zero winding counts are 
considered to be inside the polygon. 

The pubUcation United States Patent 6084596 discloses a third fill rule, called 
"winding-counting". Unlike the non-zero wmding fill niles. in which all pixels classified 
as being inside the polygon are rendered with uniform colour and opacity, winding- 
25 counting assigns an opacity value to a pixel according to its absolute winding count. 
More specifically, pixels with a zero winding count are classified as being outside the 
polygon and are not filled, and pixels with a +1 or-1 winding count arc filled in the same 
matuier as in the odd-even and non-zero winding rule. 



58l302US.doc 



-4- 



■-a 



The pixels with a winding count of «, where \n\ > 1, are rendered by perfonning \n\ 
repeated rendering operations, each time using a pixel with the colour and opacity of the 
polygon. For fuUy opaque polygons, this produces identical results to the non-zero 
winding fill rule. For partially transparent, complex and/or self-overlapping polygons 
however, winding-counting gives the effect of the polygons being made up of several 
overlapping layers. 

A comparison between the three fill rules is shown in Figs. 4(a), 4(b), and Fig. 4(c). 
In Fig. 4(a), a partially transparent polygon is rendered using the odd-even fill nile. In (b) 
and (c), the same polygon is rendered using the non-zero winding and the winding- 
g 10 counting fill rules respectively. The centre region of Fig. 4(c) has a winding count of 2 
U and hence has been drawn with a higher opacity than the surrounding region. 

However, the scan conversion method of the publication United States Patent 
6084596 suffers fi^om "aUasing" effects. 

Summary of the Invention 

It is an object of the present invention to substantially overcome, or at least 
amehorate, one or more disadvantages of existing airaugements. 

According to one aspect of the invention, there is provided a method of 
rendering objects, the method comprising, for each said object within a scanline. the steps 
of: determining each boundary pixel that overlaps both sides of a border of the object; 
computing a real opacity of each said boundary pixel, wherein said real opacity of a said 
boundary pixel is dependent upon an intrinsic opacity of the object, winding counts for 
subregions of said boundary pixel, and values representative of the areas of the respective 

subregions with respect to the total area oftheboundarypixel; and rendering each said 
boundary pixel with said confuted real opacity. 

According to another aspect of the invention, there is provided apparatus for 
rendering objects, the ^paratus comprising processing means for processing each said 
object within a scanline, the processing means comprising; means for determming each 
boundary pixel ftat overlaps both sides of a border of the object; means for computing a 
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real opacity of each said boundary pixel, wherein said real opacity of a said boundary 
pixel is dependent upon an intrinsic opacity of the object, winding counts for subregions 
of said boundary pixel, and values representative of the areas of the respective subregions 
with respect to the total area of the boundary pixel; and means for rendering each said 
boundary pixel with said computed real opacity. 

According to still another aspect of the invention, there is provided a computer 
program for rendering objects, the computer program comprising processing code for 
processing each said object within a scanline, the processing code comprising: code for 
determining each boundary pixel that overlaps both sides Of a border of the object; code 
for computing a real opacity of each said boundary pixel, wherein said real opacity of a 
said boundary pixel is dependent upon an mtrinsic opacity of the object, wmding counts 
for subregions of said boundary pixel, and values representative of the areas of the 
respective subregions with respect to the total area of the boundary pixel; and code for 
rendering each said boundary pixel with said computed real opacity. 
15 According to still another aspect of the invention, there is provided a method of 

rendering a self-overlapping polygon, wherein the polygon is a set of one or more closed 
curves each comprising Ime segments, and the me&od perfomiing. for a currently 
scamied pixel that overlaps both sides of a said line segment of the self-overlapping 
polygon within a currently scamied scanline, the steps of: decomposing that portion of 
the polygon that lies within the currently scamied pixel into a nmnber of closed loops 
comprising at least those portions of those line segments that Ue within the currently 
scamied pixel, said closed loops are such that vto they are combined the combination is 
substantially equivalent to that portion of the polygon that lies within the currently 
scamied pixel ; combining incrementally said closed loops and determining one or more 
vending count values representative of respective weighted averages of winding counts of 
said combined closed loops; detennining a real opacity of the currenUy scanned pixel 
according to a predetermined fill mle utilising an intrinsic opacity of said polygon and 
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said one or more winding count values, and rendering said currently scanned pixel with 
said determined real opacity. 

According to still another aspect of the invention, there is provided a method of 
rendering a self-overlapping polygon, wherein the polygon is a set of one or more closed 
f curves each comprising line segments, and the method perfomiing, for a currently 
scanned pixel that overlaps both sides of a said line segment of the self-overiapping 
polygon within a currently scanned scanline, the steps of: decomposing that portion of the 
polygon that lies within the currently scanned pixel into a number of clockwise or 
counterclockwise closed loops comprising at least those portions of those line segments 
that lie within the currently scanned pixel, said closed loops are such that when they are 
combined the combination is substantially equivalent to that portion of the polygon that 
Ues within the currently scanned pixel; combining incrementally said clockwise and 
counterclockwise closed loops respectively to produce two coaesponding regions, and 
determining two winding count values representative of respective weighted averages of 
winding counts of said clockwise and counterclockwise closed loops; detennining a real 
opacity of the currently scanned pixel according to a predeteraiined fill rule utilising an 
intrinsic opacity of said polygon and said two winding count values, and rendering said 
currently scanned pixel with said determined real opacity. 

According to still another aspect of the invention, there is provided a method of rendering 
a self^verlapping polygon in accordance witii an odd-even fill rule, wherein the polygon 
is a set of one or more closed curves each comprising line segments, and the method 
perfonning, for a currently scanned pixel that overlaps both sides of a said line segment 
of the self-cverlapping polygon within a cun^tly scamted scanUne, the steps of: 
decomposing that portion of the polygon that lies within the currently scamied pixel into a 
number of closed loops comprising at least those portions of those line segments that lie 
within the currently scanned pixel, said closed loops are such that when they are 
combined the combination is substantially equivalent to that portion of the polygon that 
lies within the currently scamjed pixel ; combining incrementally said closed loops and 
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deterxnining a winding count value representative of a weighted average of winding 
counts of said closed loops, wherein said weighted average is effectively equivalent to the 
area of the combined loops; determining a real opacity of the currently scanned pixel, 
where the real opacity of the currently scanned pixel is representative of the product of an 
intrinsic opacity of said polygon and said winding count value, and rendering said 
currently scanned pixel with said determined real opacity. 

According to still another aspect of the invention, there is provided apparatus for 
rendering a self-overlapping polygon, wherein the polygon is a set of one or more closed 
curves each comprising Ime segments, and tiie apparatus comprismg means for 
processing a cmrently scamied pixel that overlaps both sides of a said line segment of the 
self-overlapping polygon within a currently scanned scanlinc, the processing means 
comprising: means for decomposing that portion of the polygon that Ues within the 
currently scanned pixel into a number of closed loops comprising at least those portions 
of those hne segments that lie within the currently scanned pixel, said closed loops are 
such that when they are combined the combhiation is substantially equivalent to that 
portion ofthe polygon that lies within the currently scanned pixel; means for combining 
incrementally said closed loops and determining one or more winding count values 
representative of respective weighted averages of winding counts of said combined closed 
loops; means for dcteimming a real opacity ofthe currently scanned pixel according to a 
predetermined fill rule utilising an intrinsic opacity of said polygon and said one or more 
winding count values, and means for rendering said currently scanned pixel with said 
detemiined real opacity. 

According to still another aspect ofthe invention, there is provided apparatus for 
rendering a self-overlapping polygon, w:herein the polygon is a set of one or more closed 
curves each comprising line segments, and the apparatus comprising means for 
processing a currently scanned pixel that overlaps both sides of a said line segment ofthe 
self-overlapping polygon within a currently scanned scanline, the processing means 
comprising: means for decomposing that portion of the polygon that lies within the 
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cuirenUy scanned pixel into a number of clockwise or counterclockwise closed loops 
comprising at least those portions of those line segments that lie within the cun«ntly 
scanned pixel, said closed loops are such that when they are combined the combination is 
substantiaUy equivalent to that portion of the polygon that lies within the ouiiently 
scanned pixel; means for combining incrementaUy said clockwise and counterclockwise 
closed loops respectively to produce two corresponding regions, and determining two 
winding count values representative of respective weighted averages of winding counts of 
said clockwise and counterclockwise closed loops; means for determining a real opacity 
of the currently scanned pixel according to a predetennined fiU rule utilising an intrinsic 
opacity of said polygon and said two winding count values, and means for rendering said 
currently scanned pixel with said determined real opacity. 

According to still another aspect of the invention, there is provided apparatus for 
rendering a self-overlapping polygon in accordance with an odd-even fiU rule, wherein 
the polygon is a set of one or more closed curves each comprising line segments, and the 
apparatus comprising means for processing a currently scanned pixel that overl!q>s both 
sides of a said line segment of the self-overlapping polygon within a currently scanned 
scanline, the processing means comprising: means for decomposing that portion of the 
polygon that lies within the currently scanned pixel into a number of closed loops 
comprising at least those portions of those line segments that lie within the currently 
scanned pixel, said closed loops are such that when they are combined the combination is 
substantially equivalent to that portion of the polygon that lies wiftin the currently 
scanned pixel ; means for combining incrementaUy said closed loops and detemiining a 
winding count value representative of a weighted average of winding counts of said 
closed loops, wherein said weighted average is effectively equivalent to the area of the 
combined loops; means for determining a real opacity of the currently scanned pixel, 
where the real opacity of the currently scanned pixel is representative of the product of an 
intrinsic opacity of said polygon and said winding count value, and means for rendering 
said currently scanned pixel with said determined real opacity. 
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According to still another aspect of the invention, there is provided a computer 
program for rendering a self-overlapping polygon, wherein the polygon is a set of one or 
more closed curves each comprising line segments, and the computer program comprising 
code for processing a currently scanned pixel that overlaps both sides of a said line 
segment of the self-overlapping polygon within a cuirently scanned scanline, the 
processing code comprising: code for decomposing that portion of the polygon that Ues 
within the currently scanned pixel into a number of closed loops comprising at least those 
portions of those line segments that lie within the currently scanned pixel, said closed 
loops are such that when they are combined the combination is substantially equivalent to 
that portion of the polygon that Ues within the currently scanned pixel ; code for 
I combining incrementally said closed loops and detennining one or more wmding count 

values representative of respective weighted averages of winding counts of said combined 
closed loops; code for detennining a real opacity of the currently scanned pixel according 
to a predetermined fill rule utilising an intrinsic opacity of said polygon and said one or 
more winding count values, and code for rendering said currently scanned pixel with said 
detennined real opacity. 

According to stifl another aspect of the invention, there is provided a computer 
program for rendering a self-overlapping polygon, wherein the polygon is a set of one or 
more closed curves each comprising line segments, and the computer program comprising 
code for processing a currently scanned pixel that overlaps both sides of a said line 
segment of the self-overl^ping polygon within a cmiently scanned scanline, the 
processing code comprising: code for decomposing that portion of the polygon that lies 
withm the currently scanned pixel into a number of clockwise or counterclockwise closed 
loops .comprising at least those portions of those line segments that he within the 
currently scanned pixel, said closed loops are such that when they are combined the 
combination is substantially equivalent to that portion of the polygon that Ues within the 
currently scanned pixel; code for combining incrementaUy said clockwise and 
counterclockwise closed loops respectively to produce two corresponding regions, and 
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detennimng two winding count values representative of respective weighted averages of 
winding counts of said clockwise and counterclockwise closed loops; code for 
determining a real opacity of the cuffently scanned pixel according to a predetennined fill 
rule utilising an intrinsic opacity of said polygon and said two winding count values, and 
code for rendering said currently scanned pixel with said detenmned real opacity. 

According to still another aspect of the invention, there is provided a computer 
program for rendering a self-overlapping polygon in accordance with an odd-even fill 
rule, wherein the polygon is a set of one or more closed curves each comprising line 
segments, and the computer program comprising code for processing a currently scanned 
pixel that overlaps both sides of a said line segment of the self-overlapping polygon 
within a currently scanned scanline, the processing code comprising: code for 
decomposing that portion of the polygon that Ues within the currently scanned pixel into a 
number of closed loops comprising at least those portions of those line segments that lie 
within the currently scanned pixel, said closed loops are such that when they are 
combined the combination is substantially equivalent to that portion of the polygon that 
Ues within the currently scanned pixel ; code for combining incrementaUy said closed 
loops and determining a winding count value representative of a weighted average of 
winding counts of said closed loops, wherein said weighted average is effectively 
equivalent to the area of the combined loops; code for determining a real opacity of the 
cunently scanned pixel, where the real opacity of the currently scanned pixel is 
representative of the product of an intrinsic opacity of said polygon and said winding 
count value, and code for rendering said currently scanned pixel with said determined real 
opacity. 

Brief Description of the Drawings 
A number of preferred embodiments of the present invention will now be 
described with reference to the drawings, in which: 

Fig. 1 illustrates the results of a prior art anti-aUasing method using multi-point 
sampling; 
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Fig. 2 illustrates the results of a prior art anti-aliasing method using line segment 
sampling; 

Figs. 3A, 3B, 3C, and 3D illustrate different types of polygons; 

Figs. 4A, 4B, and 4C illustrate the results of three different fill rules; 

Fig. 5 illustrates a pixel comprising 2 sub-regions of different winding counts; 

Pig. 6 is a flow chart of a method 600 of rendering a self-overlapping polygon; 

Fig. 7 illustrates a polygon rendered using the winding counting rule; 

Fig. 8 illustrates a polygon equivalent to that shown in Fig. 7; 

Fig. 9 illustrates another polygon equivalent to that shown in Fig. 7; 

Fig. 10 illustrates another polygon equivalent to that shown in Fig. 7; 

m ^ *o 1 ID illustrates a process of approximating contour segments of a 

ni polygon with straight lines; 

s - ; 

Sj Figs. I2A and 12B illustrates another process of approximating contour segments 

of a polygon with straight lines; 

Figs. 13A to 13G illustrates a set of possible contour segments that intersect the 
top pixel boundary; 

Figs. 14A to ME illustrates a set of possible contour segments that intersect the 
bottom pixel boundary but not the top boundary; 

Figs. 15A to 15C illustrates a set of possible contour segments that intersect the 
left pixel boundary but not the top or bottom boundary; 

Fig. 16 illustrates a set of possible contour segments that intersect the right pixel 
boundary only; 

Fig. 17 illustrates apixel having two complementary sub-regions; 
Fig. 1 8 iUustrates the constructive combination of two regions of a pixel; 
Fig. 19 illustrates the destructive combination of two regions of apbcel; 
Fig. 20 illustrates an 8x8 grid sampling mask; 

Fig. 2 1 illustrates a number of masks with sampling points on the pixel boundarj^ 
Fig. 22 iUustrates a pixel containing 3 contour segments; 
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Fig. 23 illustrates the combining of the two contour segments a and c of Fig. 22 to 
fonn a constituent region; 

Fig. 24 illustrates a constituent region fonned by the single contour segment b of 

Fig. 22; 

5 Fig. 25 illustrates coverage regions and their associated area values stored in the 

clock and counter-clockwise accumulators; 

Figs. 26A and 26B is a flow chart of steps 618 to 622 of Fig. 6 in accordance with 
the method 600 shown in more detail; 

Fig. 27 is a flow chart of step 2618 of Fig. 26A in accordance with the method 
10 600 shown in more detail; 

Figs. 28A and 28B is a flow chart of step 2706 of Fig. 27 in accordance with the 
method 600 shown in more detail; 

Figs 29 is a flow chart of the sub-process adapted to be called by any one of the 
steps 2716. 2714, 2820, 2822, 2828, 2834, 2830. and 2832 of Figs. 27, 28A and 28B in 
15 accordance with the method 600; 

Fig. 30 is a flow chart of step 2630 of Fig. 26B in accordance with the method 600 
shown in more detail; 

Figs. 31A. 31B and 31C is a flow chart of the steps 618 to 622 of Fig. 6 in 
accordance with a variation of the method 600; 
20 Fig 32 is a flow chart of step 3118 of Fig. 3IB in accordance with the variation of 

the method 600 shown in more detail; 

Figs. 33 a flow chart of the step 3 124 of Fig. 31B in accordance with the variation 
of the method 600 shown in more detail; 

Fig. 34 illustrates the computing of real opacity of a pixel in accordance with a 
25 winding counting rule; 

Fig. 35 illustrates the computing of real opacity of a pixel in accordance with a 
winding counting rule; 

Fig. 36 is a flow chart of a method 3600 of rendering objects; and 
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Fig. 37 is a schematic block diagram of a general-pmpose compute^ upon which 
the methods 600 and 3600 can be practiced. 

Detailed Description including Best Mode 
Where reference is made in any one or more of the accompanying drawings to 
5 steps and/or feahires, which have the same reference numerals, those steps and'or features 
have for the purposes of this description die same fimction(s) or operation(s). unless the 
contrary intention appears. 
1.0 Polygon Fill Roles 

Before proceeding with a description of the embodiments of the invention, a brief 
10 review on Polygon FiU Rules is discussed herein. 

A polygon is a set of one or more closed curves each comprising a number of 
vertices connected by straight-line segments. Each closed curve is also known as a 
contour and has an associated direction. A polygon is said to be simple if it comprises 
only a single contour, otherwise it is said to be complex, A polygon is also said to be 
15 self-overlapping or self-intersecting if one or more of its contours crosses over itself or 
over other contours. Examples of the possible different types of polygons are shown in 
Fig. 3. 

When scan converting a complex or self-overlapping polygon, it is necessary to 
select a "fill rule". "Odd W and "non-zero winding" are two fill mles well known to 
20 those skilled in the art. 

When using the odd-even fill rule, points that have odd "winding counts" are 
considered to be inside the polygon and are hence filled with the polygon's colour and 
opacity, whilst points with even winding counts are considered to be outside the polygon 
and are not filled. 

W When usmg the non-zero windmg fill rule, points that have zero winding counts 

are considered to be outside the polygon, whilst points with non-zero winding counts are 
considered to be inside the polygon. 
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The winding count of a point is defined as follows: draw an axhitraiy path fiom 
any point outside of the polygon to this point. Count the number of times a contour 
crosses the path from one side of the path to the other, and the number of times a contour 
crosses the path in the opposite direction. The winding count of the point is ±e obtained 
5 by subtracting the second number fix)m the firat. 

A more foimal definition of the odd-even fill nile is as follows; if the intrinsic 
opacity of an object at a point P is a. and P has a winding count of n, then point P is 
assigned a real opacity value of: 
a if n is odd, 
0 if n is even. 

Eqn. (1). 

A more formal definition of the non-zeio fill rule is as follows: if the intrinsic 
opacity of an object at a point P is a, and P has a winding count of n, then point P is 
assigned a real opacity value of 
a if n is non-zero, 
0 if n is zero. 

Eqn. (2) 

1,1 Wioding-coonting flU rule 

A third fill rule, caUed "winding-counting". has also been proposed in United 
States Patent 6084596 by George Politis (herein incorporated by reference). Unlike the 
non-zero winding fiU rules, in which all pixels classified as being inside the polygon are 
20 rendered with uniform colour and opacity, the winding-counting fil, rule assigns an 
cpacuy value to a pixel according to its absolute windmg count More specifically, pixels 
with a .ero winding count are classified as being outside the polygon and axe not filled, 
and pixels with a -.1 or -1 winding count are fiUed in the same mamier as in the odd-even 
and non-zero winding rule, 

25 Pixels »id. a winding count of », wh«e |„| > i, arc «nd«ed accorting u, UniM 

S««s P««.. 6084596 by perfonning W ^ 
a p.«l wift ft. colour and opacity of a,e polyg™,. f„ «uiy opaquo pol,g«^ ,Ms 
produces identical results to the non^ winding fill rule. For pardally transparent 
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complex and/or self-overlapping polygons however, the winding-counting fill rule gives 
the efifect of the polygons being made up of several overlapping layers. 

A comparison between the three fill nxles is shown in Figs. 4A, 4B, and 4C. In 
Fig. 4A, a partially transparent polygon is rendered using the odd-even fill rule. In Figs. 
4B and 4C, the same polygon is rendered using the non-zero winding and the winding- 
counting fill rules respectively. The centre region of Fig. 4C has a winding count of 2 
and hence has been drawn with a higher opacity than the surrounding region. 

A short coming of the definition of the winding-counting fill rule given in United 
States Patent No. 6,084,596 is that it does not address the issue of how polygons are 
tendered in anti-aliased mode. A difiBculty lies in the treatment of pixel(s) that comprise 
subregions of different winding counts, as illustrated in Fig. 5 which shows a single pixel 
having 2 subregions of diffraent winding counts. 

The problem does not arise when operating in aliased mode since such pixels are 
always assigned a single winding count, based on certain criteria. For example, the pixel 
can be assigned the winding count of the point at the centre of the pixel, or the winding 
count of the largest region of the pixel. In any case, the pixel is then rendered by 
repeatedly performing a number of compositing operations equal to the absolute value of 
the assigned winding count. 

In anti-aliased mode however, it is necessary to take into account the different 
regions that make up the entire p,xel. Thus it is not clear how many compositing 
operations are to be performed to render the pixel, nor it is clear what pixel value is to be 
composited each time. 

1.2 New Deiinitioii of the winding-counting fill rule 

The purpose of this section is to present a formal definition of a new winding- 
counting fill rule that wUl enable anti-aUased scan conversion methods to be used 
unambiguously. 

Consider the case where two simple, partially transparent polygons of opacity a 
ate composited together using the 'Wr" operator as defined in the publication Porter, 
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Thomas, and Duf^ "Compositing Digital Images" SIGGRAPH 84. 1984 (herein after 
refeired to as Porter et. al). According to the definition of this operator, when a point 
with opacity of aL is composited another point of opacity the resulting opacity 

is given by: 

5 

In the present example, since the opacity of both polygons is a, the opacity of the 
intersection region between the two polygons is: 

2a- a^. 

Now consider the case where there are » overlapping polygons instead of 2. 
Again each polygon is partiaUy transparent with opacity of a. When these polygons are 
composited together using the ' W operator as defined in Porter et. al., it can be shown 
by mafliematical induction that the resulting opacity of the intersection region between all 
n polygons is given by: 

1 -(!-«)" • 

Since the aim of the winding-counting fill rule is to create the effect of polygons 
being made up of several layers in regions where the absolute winding counts arc greater 
than 1. it is desirable that such regions are rendered with the same opacity as that would 
be obtained by compositing together the same number of such layers. 

The winding-counting fill rule is thus defined as follows: if the intrinsic opacity of 
an object at a point P is a. and P has a winding count of n, then point P is assigned a real 
opacity value of- 

' Eqn. (3) 

Under the winding-counting fill rule, objects are rendered according to their real 
opacities, m contrast, objects are rende««i according to their intrinsic opacities under the 
non-zero winding fill rule. 

For pixels with integral winding counts, the above definition pu,duces identical 
results to that given in United States Patent 60845%. The new definition however 
allows objects to be rendered more efficiently, since a pixel with a winding count of « 
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needs to be composited only once rather than \n\ times as described in United States 
Patent 6084596. Although Eqn. (3) needs to be evaluated to determine the real opacity 
from the winding count of the pixel, its computational cost can usually be amortised over 
many pixels with the same winding counts and hence will likely be msignificant An 
example of how this can be achieved is as follows: 

Given an object with uniform intrinsic opacity to be rendered, pre-compute the 
real opacities for points with absolute winding counts from 1 to m, where m is some 
positive integer. Store these in a look up table indexed by the absolute winding count. 
Then perform the scan conversion as described in United States Patent 6084596, but 
instead of compositing a pixel whose winding count is n \n\ times, do the following. If |n| 
^ m, then look up the pre-oomputed table created to obtain the real opacity associated 
with a winding count of |7i|. Otherwise compute the real opacity using Eqn. (3). 

The above method takes advantage of the fact that for most oases, the maximum 
absolute winding count over the entire object is usually rather low. and hence the pre- 

15 computed look up table willlikely cover the majority of pixels. 
2A-0 FIRST ARRANGEMENT 

A method 3600 of rendering objects (Fig. 36) in accordance with a first 
arrangement is herein described in section 2A.0. 

The aforementioned new definition (Eqn. 3) allows existing anti-aliased scan 
conversion techniques to be extended to support the winding-counting fill rule. For 
example, in multi-point sampling methods, instead of rendering each pixel based on the 
total number of sampling points that lie inside the polygon, each pixel is rendered based 
on the sum of the real opacities at all sampling points. 

This is illustrated in Fig. 34, which shows a pixel con^irising a 4x4 airay of 
sampling points. In the Fig. 34. the black circles represents sampling points, whilst the 
numbers shown indicate the winding counts of the four subregions of the pixel. Since the 
teal opacities associated with winding counts of 0, 1. and 2 arc 0, a, and 2a - a* 
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t«spectively. where oris the intrinsic opacity, the sum of the real opacities at all sampling 
points is: 

6a+5(2a-a^) 

The pixel is then assigned an opacity value equal to this sum divided by the total 
5 number of sampling points. 

Anti-aliased scan conversion methods based on area sampling can be extended to 
support the winding-counting fill rule in a similar way. Instead of rendering each pixel 
according to the percentage area of the pixel that falls inside the polygon, it is tendered 
according to the sum of the percentage areas of the different subiegions that make up the 
' pixel, weighted by their real opacities. This is illustrated in the example shown in Fig. 35, 
which shows the four sub-regions of the polygon within the pixel. For the example' 
shown in Fig. 35 this sum is computed to be: 

where x,y are the percentage areas of the subregions whose winding count is 1. 
and 2 is the percentage area of the sub-region whose winding count is 2. 

Turning now to Fig. 36. there is shown a method 3600 of rendering objects using 
a scanline process in accordance with a first arrangement The method 3600 comprises 
the following steps perfonned for each one of the objects within each scanline. 

The method 3600 commences at step 3601, where any necessary parameters arc 
initiaUsed. The method 3600 may be called by a main method for the processing of each 
object within each scanline. After completion of step 3601, the method 3600 continues to 
Step 3602. 

During step 3602. the method 3600 detennines the intersections of all the edges of 
the object that intersect the current scanline. Preferably, these intersections are specified 
by the X co-ordinate location that the edge inte«ects with the top of the current scanline. 
Alternatively, these intersections may be specified by the x co-ordinate location that the 
edge intersects with the bottom or any horizontal line that runs through the cuirent 
scanline. After completion of step 3602, the method 3600 proceeds to step 3604. 
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Duiing step 3604, the method detennines those "boundary" pixels which straddle 
the edges of the object within the current scanline. The intersections determined duiing 
step 3602 specify the locations within the boundary pixel where the edge of the obj^t 
intersects the current scanline. Steps 3604 and 3602 may interchanged in the sequence of 
steps of the method or performed simultaneously together. 

After completion of st^ 3604, &e method proceeds to step 3606, where the 
method 3600 determines for each pixel in the current scanline a directi<mal count of the 
number of edges of the object that intersect the current scanline prior to the current pixel. 
The directional count sums the aforementioned edges, which have a first direction and 
sums the aforesaid edges, which have a second direction and subtracts the firet sum fiom 
the second to obtain the count. The directional count is in effect a winding count of the 
current pixel or a sub-region of the current pixel, depending upon whether an edge of the 
object intersects the previous pixel. After completion of step 3606, the method proceeds 
to decision block 3608 . 

The method 3600 scans each pixel with the current scanline and checks in 
decision block 3608 whether the currently scanned pixel is a boundary pixel. 

If the decision block 3608 returns -mUE (YES) the method proceeds to step 3610 
where the real opacity of the boundary pixel is computed. The method 3610 computes 
the real opacity of the boundary pixel in accordance with the technique described with 
reference to Pig. 34 or 35. The directional count of the previous pixel is used as a basis 
for determining the winding count of the different regions or sampling points within the 
current pixel. After completion of step 3610, the method proceeds to step 3614. 

On the other hand, if the decision block 3608 returns FALSE (NO) the method 
proceeds to step 3612 where the real opacity of .the non boundary pixel is computed. The 
method 3610 computes the real opacity of the current pixel according to formulae (3). 
wherein the winding count of the current pixel is the directional count of the previous 
pixel. 
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Aiter completion of either steps 3610 or 3612, the method 3600 renders the pixel 
in accordance with the computed real opacity. 
2.0 SECOND ARRANGEMENT 

A method 600 (Fig. 6) of rendering in accordance with a second arrangement is 
described herein in sections 2.0 to 11. 0. The method 600 is capable of scan convertixig a 
self-overlapping polygon, according to any one of the odd-even, non-zero-wdnding, and 
the winding-counting fill rules in an eflicient anti-aliasing manner. It is not intended that 
the second arrangment be limited to any particular type of fill rule. As will become 
apparent die method 600 has general appUcability to a method of rendering self- 
overl^tng polygons. However, the method 600 is able to render not only self- 
overl^ping polygons, but also other objects such as Hnes, simple polygons, and complex 
polygons. However, for ease of explanation, the steps of the method 600 are described 
^ primarily with reference to the rendering of simple and complex self-overiapping 

polygons. Furthermore, the method 600 may also have application to the rendering of 
^ 15 objects formed by general curves. In the latter case, these general curves are first 
converted to a straight-line approximation of line(s) and/or poIygon(s) before processing 
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Q by the rendering method 600. 
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Turning now to Fig. 6, there is shown a flow chart of the method 600 of rendering 
a self-overl^ing polygon comprising one or more closed curves. The polygon is 
preferably represented as a list of straight-line segments each specified by the x,y co- 
ordinates of its starting point and endpoint; an unique number indicating to which closed 
curve it belongs; and a direction defining whether die straight-line segment is pointing up 
or down with respect to the top scanline. If the straight-line segment is horizontal, an up 
direction defines that the straightrline segment points to the left and a down diiection 
defines that the straight-line segment points to the right. The x,y co-ordinate system is 
such that the origin is located at the top-left comer of the firet pixel in the first scanline in 
raster scan order, and the x and y co-ordinates extending to the right and downwards to 
the bottom right comer of the last pixel in the last scanline in raster scanline order. 
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The method 600 perfonns the following stq>s for each pixel within each scanline. 
The method 600 commences at step 602, where any necessary parameters are initialised. 
The method 600 may be called by a main method for the processing of the self- 
overlapping polygon. After completion of step 602, the method 600 continues to step 
604. 

During step 604, the method 600 first det^nnines from the afoi«mentioned list 
those straight-line segments that intersect the current scanline and makes a sub-list of 
those straight-line segments. The method 600 then deteimines for each straight-line 
segment of the sub-list the location of the intersection of that straight-line segment with 
the current scanline. Preferably, these intersections are specified by the x co-Oidinate 
locations that the line segment intersects with the top and bottom of the current scanline. 
After completion of step 604, the method 600 proceeds to st^ 606. During step 606, the 
method determines those "boundary" pixels that straddle the line segments of the polygon 
within the cuirent scanline. It will be apparent to those skilled in the ait that the number 
of "boundary pixels" that straddle a line segment of the polygon within the current 
scanline wiU depend on the slope of that line segment. The method detemiines those 
"boundary pixels" which straddle the line segments from the intersection locations 
detomined during step 604. 

After completion of step 606, the metiiod 600 proceeds to a loop 608 comprising 
steps 610 through to 624. The loop 608 scans and processes the pixels of a current 
scanline, one at a time in raster order, commencing with the leftmost pixel in the cunent 
scanUne and finishing with the rightmost pixel in the current scanUne (or vice versa). The 
steps 610 through to 624 are pexfomied on each scanned pixel within the cunent scanline. 
Prior to the processing of each currently scanned pixel by the loop 608, the loop 608 
generates a fiirther sub-list, hereinafter called the cun«nt sub-list, from the 
aforementioned sub-Ust. This current sub-list comprises only those straight-line segments 
that intersect the cunrently scanned pixel of the current scanline. Preferably each of these 
straight-line segments in the current sub-list arc specified by their location of its startmg 
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point and endpoints within or on the boundary of the currently scanned pixel. These 
locations are preferably specified by a new x,y co-ordinate system such that the origin is 
located at the top-left comer of the currently scanned pixel, and the x and y co-oidinates 
extending to the right and downwards to the bottom right coiner of the currently scanned 
5 pixel. For example see Figs. 13A to 15C. These straight-line segments of the cuirent 
sub-list are also specified by a direction defining whether the straight-line segment is 
pointing up or down and an unique number indicating which closed curve they belong in 
similar fashion as described above. 

The steps 610 through to 624 of the loop will now be described for one cmrently 
10 scanned pixel. 

During step 610, the method 600 determines for a currently scanned pixel in the 
current scanline a directional count of the number of line segments of the polygon that 
intersect the top of the current scanhne prior to the current pixel. The directional count 
sums the aforementioned line segments, which have a first direction and sums the 
IS aforesaid line segments, which have a second direction and subtracts the first sum &om 
the second to obtain the count. Preferably, the directional count is determined with 
reference to the top left comer of a current pixel. This directional count is called the 
initial winding count of the cunrent pixel. It will be apparent, if only one line segment 
intersects the current pixel at the top of the current scanline, then the initial winding count 
of the next pixel in the scanline will differ firom the initial winding count of the current 
pixel by one. Preferably, the initial winding count of a currently scanned pixel is 
determined in a iterative manner fiom the initial wmding count of the previously scanned 
pixel and the number of line segments and their directions that intersect the previously 
scanned pixel that was determined during tiie previous pass of tiie loop. After completion 
25 Of step 610, the metiiod proceeds to decision block 612. 

The decUion block 612 checks whether the currentiy scanned pixel is a boundary 
pixel. If flie decision block 612 rehirns FALSE (NO) the metiiod 600 proceeds to step 
614 where tiie real opacity of the non-boundary pixel is computed. Preferably, the 
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method 600 utilizes the winding-counting fi„ rule and oompates the real opacity of the 
currentpixel during step 614 according to Eqn. (3) described above, wherein the winding 
count used is flie initial winding count of the current pixel. 

In a further variation, the method 600 utilises the odd-even fill nile and the real 
5 opacity of the cun^nt pixel during step 614 is assigned a value in accordance with Eqn 
(0 described above, wherein the winding co«it used is the initial winding count of the 
current pixel. Jn a still fUrther variation, the method 600 utilizes the non-zero fill rule and 
the real opacity of the current pixel during step 614 is assigned a value in accordance with 
Eqn. (2). wherein again the winding count used is the initial winding count of the current 
10 pixel 

On the other hand, if the decision block 612 returns TRUE (YES), the method 
preferably proceeds to step 616. fa step 616 each contour of the polygon within the 
currently scanned pixel (viz contour segment) is approximated with one or more straight- 
line segments joining the entry and exit points on the boundary of the cuirent pixel. 
5 SpecifioaUy. the method 600 approximates the straight-line segments of the current sub- 
list and updates the cutrent sub-list with these apprxjximated stt^ght-Iine segments. The 
mamier in which the contour 5esment(s) are approximated is described below in wore 
detail in the section "<0 Straight line Approximation of Contour Segments". 

After con^letion of step 616, the method 600 flien proceeds to step 618, where 
> that portion of the polygon within the currently scamied pixel is decomposed' into a 
number of individual closed loops comprising those contour segments that lie within the 
currently scanned segment. These individual closed loops ai^ either clockwise or 
counterclockwise closed loops and consist of either one or two contour segments. These 
individual closed loops are created m such a manner that when the individual closed loops 
at* combined, the winding counts and area of the «,gions of the combmed closed loops 
within the currently scamied pixel are app^ximately equivalent to the winding counts and 
areas of the regions of the polygon within the cmrently scanned pixel. The method 600 
perfbnns this task utilizing the infonnation from the current updated sub-Ust. theory 
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bdOnd tt» decompo^aon of . polygM fa described beW to more deM to 0^ secd,„ 
'S.O Polygon Decomposition'. 

The method 600 during decomposition process 618 creat«, toese individ^ 
closed loops Son, «gions defined by one or two contour segmente respectively. A. the 
5 ssn,, .tore .l,e method determtoes the dixecdons of the todividud closed l«ps «,d thdr 
«a vrines. TTre method 600 creates » todividua. closed loop compristog two contour 
segments by destrucUvdy combintag two regions deflntog the respective two contour 
segmettts. The method 600 creates an mdividual closed loop compristog one contour 
segmart feom dre region definmg that contour segment to the latter cas^ flre area vatoe 
of the closed loop is the axea value of fte region deSnmg the contour segment 
Specifically, a region defintog a contour segment is that region on one side of fl.e contour 
segmott bo«nd«i by the CMtour segment and the boundary of the pixel, to this sense two 
such region, define a contour segment The method, when creating an mdividual closed 
loop fiom two co«„ur segments, uses those two tegions tesidtag on those sides of the 
"Utour segments that result to the constituent region when Arose two regions are 
combined destructively. Similarly dre m«hod. when fomnng a sing., closed loop define! 
by one contour segment, uses dtal region R reddfag on .h« side of the contour segm«.t 
which is equivalent to d,. constime« region, -nre m.m.er to which a closed loop is 
formal fiom two contour segments is described fa more detail fa the V.« Combining 
legions'. '7.1 Mask Creoiion' and '7.2 Mcsk Operaiions'. area value of an 

mdividual Closed loop comprising two contour segmems is detem.to«l fiom the 
respecdve area values defined by the two contour s.gm«.ts. In tun, flte are. valne(s) 
deffamg each contour segm«,t is detenntoed ufilizing dt. technique, described fa Section 
■S.0 Coverog. Area of a Keglon defined by a Single Contour Segnient". 

b anodrer variation of fte method, Ibe Hne aegmats are not app,oxtoua«l and 
area value, defined by e«* contour segment are directiy calcdated. As win be ^aren, 
ftom the .fi>rementioned sections, d.e size of any region contained withm a pixel is 
expn^sscd as the ratio of u,e are. of the region withto the pixel to the total pixel area. 
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Which total pixel area is taken as being one square unit. For the purposes of this 
specification, the teim area value(s) is taken to mean such ratio(s), unless otherwise 
expressed or implied to the contrary. 

After completion of step 61 8, the method 600 then proceeds to step 620, where the 
method 600 combines incrementally the individual closed loops and determines at least 
one winding count value representative of a weighted average of the winding counts of 
the closed loops. 

Preferably, the method 600 during this step 620 combines incrementally the 
clockwise and counterclockwise closed loops separately to produce two combined regions 
respectively. Namely, the clockwise closed loops are combined incr^nentally to produce 
a first combined region, and the counterclockwise closed loops are combined 
incrementally to produce a second combined region. During this step 620, the method 
also preferably detennines in an incremental manner a first winding count value 
representative of a weighted average of the winding counts of the combined clockwise 
loops. In a similar fashion, step 620 also preferably determines in an incremental manner 
a second winding count value representative of a weighted average of the winding counts 
of the combined counterclockwise loops. In this particular arrangment, each of these two 
winding count values is detennined by summing the area values of the closed loops 
having the same winding count sign. As it will become apparent from the description 
below, it is possible that two or more closed loops having the same winding count sign 
will intersect. In these circumstances, the summing operation of the areas will result in 
the area of the intersecting region contributmg to the winding count value two or more 
times depending upon the number of closed loops that form the intersection region. The 
number of times a particular area of a closed loop contributes to the total area is the 
windmg count within that area. In this way, the winding count value is effectively a 
weighted average of the winding counts, where the weighting coefficients are the area 
values of those regions having those winding counts respectively. 
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Also during this step 620, area values of these two combined regions are 
calculated. One of these two area values is a measurement of the area of those closed 
loops within the currently scanned pixel having positive winding counts. The other of the 
two area values is a measurement of the area of those closed loops within the currently 
5 scanned pixel having negative winding counts. As mentioned above, it is possible that 
two or more regions of the closed loops having the same winding count sign will 
intersect. As distinct from the winding counts, the area of any intereecting region 
contributes only once to the area values, 3s these two area values are strictly 
representative of the area of the closed loops having positive and negative winding counts 
10 respectively. 

The method in step 620 lastly combines the two combined regions, namely the 
combined clockwise closed loops and the combined counterclockwise closed loops As 
win be described in more detail latter, those areas of intersection occurring between the 
two regions wiU combine destructively. The method fii^t computes an absolute weighted 
average winding count for each of the two regions by dividing their corresponding 
weighted average winding counts by the total area value of the corresponding region. An 
absolute weighted average winding count of these intersection regions is then set to the 
absolute value of the difference between the absolute weighted average winding count of 
the two regions. 

The theory behind computing these winding count values and area values is 
described below in more detail in the sections "6.0 Weighted Average Winding Count 
Approximation", "8.0 Merging a Constituent Region into an Accumulator" and "8.1 
Merging Regions of the Clockwise and Counterclockwise Accumulators". 

After completion of step 620, the method 600 then proceeds to step 622, where the 
method 600 determines the real opacity of the currently scamied pixel according to a 
predetermined fill rule and using an intrinsic opacity of the polygon, and the at least one 
winding count value determined during step 620. As mentioned above, the method in 
step 620 preferably computes the absolute weighted average winding counts for the two 
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combined regions and the absolute weighted average winding count for the intersection of 
those two regions. lUe method 60O preferably detennines 622 the real opacity of the 
currently scanned pixel according to a predet^miined fill rule and using as paiametei^; the 
intrinsic opacity of the polygon, the absolute weighted average winding counts of the two 
5 combined regions and the absolute weighted average winding count of the intersection of 
the two combined regions, the area value of the intersection of the two combined regions 
and the area values of the two combined regions both excluding the area of thJ 
intersection. The predetennined fill rule used is preferably the winding counting fiU rule, 
but the odd-even fill rule or non-zero fill rule may alternatively be used. The manner in' 
> which the real opacity is computed is described in more detail below in section "9.0 
Compiling the Real Opacity of a Boundary Pixel". 

After completion of steps 614 and 622, the method 600 then renders the cunmtly 
scamied pixel in accordance with the confuted real opacity. The method 600 then 
prxK:eeds to the next pixel within the scanline for processing. If there a« no more 
remaining pixels within the scanline to be processed, the method 600 terminates and 
returns to the main method. 

For ease of explanation, the method 600 ha, been described above as perfcrmtog 
.he «q« 61 8 and 620 in sequetK*. How«,„. fte meftod 600 preferably perfcm., a,«. 
step. 618 «rf 620 together in an incremental m«mer. The meftod for performing «cp. 
618 to 622 i, d.scrib«i in more detail b.Io«- m the section -10.0 The Rendenng Method 
600 ,n more DeuM-. a variation of tire prrfetrcd rendering method for perfonning «epe 
618 to 622 is described in Section 1 1.0. 

Although the method 600 presented above is capable of operating under any fill 
rule, it is possible to implement a fiuther variation of the method that takes advantage of 
the special properties of the odd-even fill rule. The method, in this variation, determines 
during step 620 a winding count value representative of a weighted average of winding 
comits and areas of the closed loops. In this variation of the method 600. the winding 
count for each closed loop is taken as one (1) irrespective of its associated direction 
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Also, the areas of odd winding counts will contribute only once to the total of tie winding 
count value for the puiposes of its contribution to the overall opacity, whereas the areas of 
even winding counts will not contribute at all in accordance with the odd-even fill rule. 
Furthermore, according to this variation of the method 600, the weighted average of the 
winding counts is effectively equal to the area value of the combined closed loops. The 
real opacity of the curmitly scanned pixel is then computed during step 622 as being 
represwitative of the product of the intrinsic opacity of 'tilie polygon and the area value of 
the combined closed loops. This variation of tfie method is described in more detail 
below in tfie section "11.0 Variation of the Rendering Method 600 in More Detail". 

The aforementioned rendering methods work by decomposes the coverage area of 
a polygon within each pixel into separate constituent regions, which constituent regions 
are simple regions whose winding counts and pixel coverage areas can be easily 
computed. The constituent regions are then combined together to obtain a weighted 
average of the winding counts and area values of the self-overlapping polygon in a 
relatively efficient and accurate manner. 

The method is preferably based on area sampling and is fiee from the defects of 
multi-point sampling associated with thin edges. K also overcomes the computational 
complexity suffered by conventional area sampling methods by computing approximate 
(rather than exact) area values. 

The rendering method also takes advantage of the fact that under most 
circumstances, the computation of the pixel coverage areas need not be very accurate at 
all. This is evidently shown by the existence of multi-point sanq>ling anti-aliasing 
techniques. These techniques are essentially approximate forms of area sampling, where 
the pixel coverage areas are ^roximated by the number of sampling points that fell 
inside the polygon being scan converted, 

The defects of multi-point sampling techniques however highlight circumstances 
where accurate area computation is necessary - when scan converting thin lines. This is 
because the coverage area per pixel of thin hnes is very small, and hence any small 
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absolute variation in the computed area values would equate to a large percentage 
variation. If these variations occur over the length of a line, then it wiU appear to the 
viewer to have non-uniform thickness. 

As a result of the above observations, the rendering method has also been 
5 designed so that accurate area calculations are made when encountering pixels intersected 
by lines and similarly simple objects, whilst not affording the same level of accuracy to 
pixels intersected by more compUcated edge combinations. This allows the rendering 
methods to achieve a similar level of efficiency to multi-point sampling techniques, but 
without their inherent defects, 
10 3.0 Polygon Decomposition 

Turning now to Fig. 7. there is illustrated a polygon 700 to be rendered using the 
winding counting rule. The dotted box represents the boundary of a pixel whose opacity 
value is to be determined by the method 600. An arrow indicates the direction of tiie line 
segment of the polygon. The polygon is partially transparent with an intrinsic opacity of 
a. In the following and all subsequent discussions in tiiis document, the area of each 
pixel will be assumed to be 1, without loss of generality. 

For the purposes of this description, each length of the polygon fiom the point 
where the Ime segment of the polygon enters to the point where it leaves the pixel is 
referred to as a contour segment. In the above example, tiiere are three contour segments 
20 a, b and c. 

The winding counts, for any given polygon, at all pomts witinn a particular pixel 
(and hence how the polygon is fiUed) is completely determined by the set of contour 
segments that reside fUUy inside the pixel boundary, and the initial winding count at a 
single refer^ce point on the pixel boundary. Outside of the pixel boundary, the • 
behaviour of the polygon is irrelevant as far as the pixel is concerned. This means tiiat 
the interconnections between contour segments outside of die pixel can be rearranged in 
any mamier widiout affecting tixe final outcome of the winding comits within the pixel, as 
long as it does not alter the winding count of die reference point. The metiiod 600 



15 



25 



581302U$.doc 



-30- 



decomposes the polygon into a number of simple closed loops, which may be then 
processed in tiim. 

Turning now to Fig. 8, there is shown an equivalent polygon to Fig. 7 in which 
each contour segment forms a closed loop. In this polygon, the exit and entry points of 
5 each contour segment are connected to form a closed loop. The pixel region defined by 
each closed loop is lefened to as a constituent region. 

Depending on the initial winding count of the given reference point, and on how 
the reconnection of contour segments is performed, it may be necessary to introduce 
additional circular loops that enclose the whole pixel to ensure that the winding count of 
3 the reference point remains unchanged. For example, if the loop labelled .4 in the above 
Fig. 8 is formed on the left hand side of the pixel rather than the right, then an additional 
counter-clockwise loop D as shown in Fig. 9 is needed. In this way. the loops of Fig. 9 
produces an equivalent polygon to Fig. 7 since the combination of loops A' and D is 
equivalent to a single loop A shown earlier. 

Although the two polygons shown are theoretically equivalent, in practice they 
may give rise to different pixel coverage values due to the use of approximation 
techniques to be described later. Since approximations may be introduced whenever 
constituent regions are combined, polygons comprising fewer loops are usually more 
desirable as this generally implies fewer chances of errors. 

As a result, it is preferable to combine certain contour segments together to reduce 
the number of loops and hence further improve accuracy. Naturally, overly complicated 
loops whose coverage areas are difBcult to compute should be avoided since they would 
defeat the purpose of polygon decomposition. 

Turning now to Fig. 10, there is shown the preferred manner of <:onnecting 
contour segments to fonn the closed loops. Preferably, pairs of contour segments of 
opposing direction are connected to form a closed loop having a single constiment region. 
Loop E has been fonned by connecting together the contour segments a aad c of Fig. 7. 
Contour segment B that remains after the pairing is joined with itself to fonn simple 
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closed loops as before. The manner in which these closed loops are foimed is described 
in more detail below in Sections 10.0 and 10.2 

Having decomposed the polygon into a number of closed loops having constituent 
legions, the winding count of my point inside the pixel can simply be detennined by 
5 counting the number of clockwise loops that enclose it. and subtracting the number of 
enclosing counl^r-clockwise loops (or vice-versa since the sign of the winding count is 
not important). Note that loops that are self-intersecting may enclose parts of the pixel in 
one direction, whilst enclosing other part, in the opposite direction. For example the 
upper part of loop E in Fig. 10, above its self-intersecting point describes a counter- 
10 clockwise loop, whereas the lower part describes a clockwise loop. 

If two constituent regions are then merged, what happens at the intersection area is 
dependent on the relative directions of the enclosing closed loops. If the constituent 
regions are enclosed by loops of the same direction, then the absolute winding count of 
the mtersection region ino^ases. whereas if the constituent regions are of opposite 
5 directions, then the absolute winding count decreases, m the former, the two constituent 
^gions ar. said to combine constructively, whereas in the latter, they ar. said to combine 
destructively. The situation is slightty more complicated when one or both constituent 
regions are self-intersecting, in which case parts of the mtersection area may combine 
constructively, whilstotherpartsmaycombinedestructively. For example, in Fig 10 the 
. intersection area between the constituent regions defined by ^ and comprises of the 
subregions x andy. The regions combine constructively inx but destructively in;; 

From the a«as of the two constituent regions, and the areas of the different 
intersecting subregions, it is possible to compute the overall opacity of the pixel, m the 
example of Fig. 10, let the a«as of the two constituent regions be denoted by . and ^ 
then the overall opacity under the winding-counting mi rule can be computed as 



where a is the intrinsic opacity of the polygon. 
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Under the non-zero winding fill rule, the opacity of the constructively combined 
intersecting region x is a instead of (2a- c^). and hence the overall opacity of the pixel is 
given by 

5 a(e'-x-y)+a(b-x^y)-i-xa =a{e+b-2y-x) 

Under the odd-even fill rule on the other hand, the opacity of Ae region denoted 
by X is 0, and hence the overall pixel opacity becomes 



Q 

a 



a(e-x-y)+a(f>-x-y) = a(e+b-2y-2x) 



Although it is theoretically possible to derive similar equations for computing the 
opacity values of pixels comprising of three or more constituent regions, the resulting 
complexity would make it impractical. The method 600 overcomes this problem by 
15 incrementally combining the closed loops by merging a new closed loop together with the 
previously combined loops at each increment. The method 600 fUrther reduces the 
computational complexity by approximating the areas of the loops and any intersecUon 
areas between constituent regions of the closed loops. 
4.0 Straight Une Approximation of Contour Segments 

Since computing the areas of regions defined by arbitrary contour segments is 
time consuming, the method 600 approximates during step 616 the contour segments of 
the polygon. During this step 616, the method 600 replaces each contour segment in the 
currently scanned pixel by two straight-line segments joining the points at which the 
contour segment enters and leaves a pixel, and a third pomt which is the average of all 
vertices of the contour within the pixel. Contour segments that are already strai^t-Iine 
segments joining the cntiy and exit points remain unaltered, and contours that lie 
completely inside the pixel boundary are discarded. Specifically, the method 600 



20 



25 
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siA-Iisl wilh these ajjproximajed arai^t-Iine segments. 

1^ now ,„ Figs. HA to UD. there is iUustrate Ute p™=ess 616 of 
appTOXitnating contour segments of apolygon with ««ugh, lines. M e«,h of .he fl« 
examples (Figs. HA and! IB), the oontonr segment enters ,bc pixel at ^, exits « a and 

pomt (^.i±2lj bemg the avetnge of fe. ^) „d fe. «), and B. In tte ^rt 

example (Fig. 1 IQ. „„ approximation is need«l as it it alr.^ . sttaight line h, the 
fonrth example (Fig. UD). a polygon .h« «e, «.ti.e,y ^ ^ ^ u, 

zero. 



S. an .It«n«ive approximation scheme, each contour segment is replaced by a 
a«gle sttaigbt-line segment Joimng the entty and exit points, without passing through an 
m.«vemng third point as in the preceding sch«ne. IKe scheme is ilh^trated in Figs I2A 
«.d "^.-Wohshowsasimp.^-app^xim.tionschemeinwhfcheachcntoursegmertis 
replaced by a sttaight-line segm«.t. a.«our se,m««s th« ate already straight-Une 
segments Joining the enhy and «ci. points, and mose Ue completely inside the pixel 
boundaryaretreat^l in thesam. way as h.thep,«eding scheme (Figs. HCand IID) 

The latter sch«ne produces , ftster method since area computations are simpler 
but a. d,e expense of deg^dation in accuracy. Whilst loss of accuracy should no. bj 
s-gmflcant under most situations, it can lead to unde.ir.ble -tefeCs where a contour 
se^ent ente. and leaves on the same side of a pixel. Replacing such a contour segment 
wth a smgle straight line would e«^dve.y r«„ove ,. completely. TOs may produce 1- 
pixel gaps at the joint of connected edges. 

Pretetably. d« method 600 utilizes *e ^roximation scheme described m 
reUt.«,toFigs.„A.OUD. By vittual of the fact U.at the set of possible straight line 

approx,m«ions produced bythe simpler schemeisasubartofthatproduccdbyflte earlier 
scheme. aU discussions will hence be appUcable to the simpler seh«ne. 
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To avoid the above problem without significantly sacrificing speed, a mixture of 
both schemes can also be used. For example, the earlier scheme can be used for 
^roximating contour segments that enter and leave on the same side of a pixel, whereas 
the simpler scheme can be used for all remaining contoms. The method 600 ate flexible 
5 enough to incorporate an arbitrary mixture of both schemes. 
i, ^ purposes of this description, unless otherwise stated, the term "contour 

segment" will be used to refer to the straight-line approximation of a contour segment, 
rather than the contour segment itself. 

5.0 Coverage Area of a Region defined by a Single Contour Segment 

Turning now to Figs. 13A to 16, there is iUustrated all possible regions R 
"defining" the contour segments within a pixel that can arise together with the formulae 
for computing their corresponding areas. Regions that are con^lementary to fliose shown 
have been omitted since these areas can be easily obtained fi«m the latter by noting that 
the total area of a pixel is 1 . 

The method 600 estimates during step 620 the area values of these regions R 
defined by the contour segments of the currently scanned pixel for determining the area 
values of the single closed loops. The method determines these area values utilizing the 
information contained in the current sub-list for the currently scanned pixel 

With the preferred strai^t-Iine approximation scheme, the area of the region R 
defined by a single contour segment can be easUy computed. For convenience and 
clarity, the Ust of possible cases has been divided into 4 sets. Figs. I3A to 13G shows 
cases in which the contour segment intersects dxe top pixel boundary. Figs. 14A to 14E 
shows cases in which the contour segment intersects the bottom pixel boundary but not 
the top. Cases in which the contour segment intersects the left pixel boundary but not the 
top nor the bottom are shown in Figs.l5A to 15C. and the remaining case where the 
contour segment intersects the right pixel boundary only is shown in Fig. 16. 
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The foimulae shown assume that origin is located at the top-left comer of the 
pixel, and that the x and j/ axes extend to the right and downwards respectively and have 
values between 0 to 1 . 
(.0 Weighted Average Winding Count 

As mentioned in Section "3.0 Polygon Decomposition", that given a polygon 
comprising a numba of constituent regions, the winding count at any point can be 
detennined by computing the difference between the number of clockwise and counter- 
clockwise loops that enclose it. As also mentioned, the method 600 combine an arbitrary 
number of constituent regions together in an incremental manner. This may be 
accomplished by making use of an "accumulator" to which the effect on the winding 
counts due to each constituent region is added in turn, 

IdeaUy. the accumulator needs to maintain the winding counts of aU points inside 
the pixel, which has been found to be computationally intensive. It is thus preferable that 
the method 600 make the following approximation: the pixel is divided into two sub- 
regions, one containing points with zero winding counts, and the other containing points 
with non-zero winding counts. The latter is then approximated by assigning it a wei^ted 
average winding count, which is the avaage of the winding counts of all points in the 
latter sub-region weighted according to their respective area values. 

This approximation scheme requires the storage of just two numbers in the 
accumulator: the area of the latter sub-region (herein referred to as the coverage area) and 
its weighted average winding count It is actually more convenient to store the product of 
the area and the weighted average winding count, called the percentage winding count, 
rather than the weighted average winding count itself. From these parameters, overall 
opacity of tfie pixel can be determined. 

A drawback of the approximation scheme is that poor results are obtained when 
constituent regions whose winding counts have opposite signs are combined. As an 
example, reference is made to Pig. 17 involving two complementary constituent regions A 
and B of opposite winding counts. ^ has a winding count of 1 whilst 5 has a winding 
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count of -1. In order to achieve an accurate result, the two regions should combine to 
pioduceanoverallopacity of a, the intrinsic opacity of the polygon. If the combination 
of the two regions were approximated by a single weighted average winding count 
however, the resulting opacity of the pixel would be 0. The problem arises because even 
5 though the two constituent regions have opposite winding counts, they both contribute 
positively to the overall opacity of the pixel. 

The above problem is remedied in the method 600 by maintaming two separate 
accumulators rather than one for each pixel. Tl^e first accumulator computes the 
^ combmation of constituent regions or their sub-regions with positive winding counts 

u 10 the second computes the effects oftegions or sub-regions with negative winding 

nj counts. WhenaUco„stituentregio„shavebeenpxocessed,theabsolutevaluesofthetwo 

Q ^'^'^^^-<^™binedinafinalsteptoobtaintheoveraUop^^^ Since 

I the weighted average winding count approximation is not required in this final step (the 

purpose of the appn^ximation is to simpU^ the processing of intermediate results), the 
1^^^ 15 problem illustrated m the above example docs not arise. 
IM 7.0 Combining Regions 

a A. m«aion«i pr^^fy, ft. „«t<j ^00 preferably comcots pai„ of .ontour 

of oppo^tag u. fonn a dogle closed loop having a singl. »„sd«.™. 

«B.on. AS lh»e contour sogm™« W opposing directions, then a,e regions "deflning.' 
20 U»sc two contour segments will combine des,n,ctively. „«.tod 600 then co«bin« 
cnstmcUvely the constituent regiot. of those sing,. clos«i loops having the ,«„e 
dTccUon in two separate accumuUtot. FinaHy. ft. method 600 then destructively 
cmbmes the resu,.»„„gions in the separate accunnuators. As mentioned previously it 
.s posstbl. to iniplenrent a iteher variadon of .he method 600 that takes advantage of the 
« special pmpcrties of the odd^ „„ „Ue. h, Uns variation, the regions always 
"Mnbraed in a destructive manner as will be described latter. 
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The preferred techniques for combining the aforementioned regions in either a 
constructive or destructive manner are described in this section 7.0 and the next sections 
7.1 to 7.2. 

When two regions are to be combined constructively, the coverage area of the 
resulting region can be determined Using the formula: 

as illustrated in Fig. 18, where x and y are the total coverage areas of the two regions 
respectively, and z is the area of tiieir intersection. 

Similarly, when two regions combine destructively, the coverage area of the 
resulting region is given by 

as illustrated in Fig. 19, where again x and ;>/ are the total coverage areas of the two 
regions respectively, and z is the area of their intersection. 

Unless it is known that the two regions are mutually exclusive, or that one region 
is subsumed by the other, computing their exact intersection area is computationally 
expensive. This is true even when contour segments have been approximated by straight 
lines as described in Section 4.0. To overcome this problem, the method 600 
approximiate the intersection area by the product of the areas of the individual regions. 
This is essentially the same underlying assumption behind the operation of the 
compositing operators described in Porter and Duff "Compositing Digital Images", 
SIGGRAPH 84, 1984. Using this approximation, the coverage area produced by the 
constructive combination of two regions becomes 

^'••^"^ Eqn. (4) 

and that produced by the destructive combination of the two regions becomes 

^^y-^ - Eqn, (5) 

It is worth noting that \fx ^Ay are within the range [0, 1], then the coverage areas 
produced by both Eqns (4) and (5) are also within the range [0, 1]. 
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Although the above approximation works adequately well in most cases, it is 
inaccurate in situations where the two regions involved do not or hardly intersect one 
another, or where one region fully or ahnost subsumes the other. Jn the foimer, the true 
intersection area is close to zero, whereas in the latter it is close to either a: oty. 
5 Experimental results suggest that the errors arising fiora the use of Eqn. (4) are 

sufficiently small to be not significantly noticeable. This is not necessarily the case for 
Eqn. (5) however. Due to the presence of the factor of 2, errors that arise from the 
approximation are effectively doubled, which can be significant. 
^ To overcome the problem, it is necessary to maintain geometrical information 

I 10 about each region in addition to its coverage area. Since execution speed is a priority, the 
m method 600 only makes minimal use of this information. When two regions are 

g combined, the geometrical information is used not to directly estimate the intersection 

J area, but simply to distinguish between three different scenarios: (i) the two regions are 

mutually exclusive, (id) one region is subsumed by the other, and (iii) otherwise. In case 
15 (i), the intersection area is zero, whereas in (ii), it is the area of the subsumed region. In 
the remaining case (iu) the intersection area is approximated by the pix>duct of the two 
p regions as described earlier. 

An advantage of this method is that it requires only very crude geometrical 
information about each constituent region. Preferably, this geometrical information 
20 concerning each constituent region is maintained in the form of a binary mask. 
7.1 Mask Creation 

As mentioned earlier, the method preferably maintains geometrical information 
concerning each region defined by a contour segment The geometrical information can 
be in the form of a binary mask where each bit indicates whether a certain sample pomt 
25 within the given pixel is inside or outside of the region that the mask represents. Fig. 20 
shows a mask in the form of an 8x8 grid of sample points, which requires a total of 64 
bits. Smaller or larger masks can also be used, however, masks smaller than 4x4 zro 
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likely to be too crude, whereas masks of size substantially above 8x8 will be too laiBe to 
be efficiratly mampulated. 

The sampling points in the mask need not follow the regular grid shown in Fig. 
20. Tliey can instead be arranged in any suitable stmcture. They also need not be located 
inside the pixel boundary. In fact, a possible choice of location for the sampling points is 
on the pixel boundary, as shown in Fig. 21. The advantage of this scheme over the earher 
scheme employing a regular grid is that it requires fewer sampling points, and hence 
smaller masks, to produce approximately the same resolving power. For example, a mask 
comprising of 8 sampling points along each side of the pixel boundary can be represented 
as a 32 bit integer, and thus can be stored in a single register on a 32-bit machine. This 
pj allows the masks to be manipulated very quickly. 

The binary mask associated with each region defined by a single contour segment 
can be created by means of look up tables. In the simpler scheme where sampling points 
reside on the pixel bomidary only, the mask is dependent only on the locations where the 
15 contour segment enters and leaves the pixel boundary. In other schemes that contain 
sampling points inside the pixel bomidaiy, the mask is dependent not only on the 
locations of the entry and exit points, but also on the x and coordinates of the 
intennediate vertex (if any) of the contour segment. Procedures for creating the necessary 
look up tables are not described since they should be familiar to those skilled in the art. 
20 7.2 Mask Operations 

When two regions are combined, the binary mask of the resulting region can be 
obtained by performing an appropriate logical operation between the masks of the 
individual regions. If the regions combine constructively, then a logical OR operation is 
performed. If they combine destructively, then the resulting mask can be computed as 
25 the exclusive-OR of the two individual masks. 

However in the method 600. since the destmctive combination of two regions can 
give rise to both clockwise and counter-clockwise subregions, as iUustrated in Fig. 10. it 
is necessary to separate these so that each subregion can be combined into fte 
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accumulator of the same directiotL This requires two separate masks to be computed, one 
for each subregion. Let /Mx and denote the masks ofthe two regions. The masks of the 
resulting clockwise and counter-clockwise subregions are then given by 

" AND my and 
AND 

where the operator AND denotes a logical AND operation. 
The coverage area of each subregion are also easily computed using the formulae 
x-z and 

where a:, >^ and z are as defined earlier. It should be noted that the area value of 
these two sub-regions when combined is equal to x + y -2xy (See Eqn. (3)). 

To determine whether two constituent regions intersect, and if so, whether one 
region is subsumed by the other, a logical AND operation is perfomied between the 
masks of the individual regions. If the result is zero, then the two regions do not intersect. 
If the result is identical to one of the original mask, then the corresponding region is 
subsumed by the other. 

8«0 Merging a Constituent Region into the Accumulators 

This section describes the procedure for merging a constituent region into a 
corresponding one of the two accumulators. It assumes that the constituent region being 
merged has a winding count whose absolute value is I, and whose sign is identical to that 
of the accumulator in which it is to be merged. Consequently, the two regions are 
combined constructively. 

Let a, ma and denote the coverage area of the accumulator, its binary mask and 
percentage winding count respectively. Let A, and B denote the coverage area of the 
constituent region to be merged and its binary mask respectively. Since winding count of 
the constituent region is 1, its percentage winding count is also A. 

Let z denote the area of the intersection region between the accumulator and the 
constiment region. As a result of the merge, the pixel may be divided into 3 subregions 
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comprising of a subregion of area « - z and winding count pja, a subregion of area - z 
and winding count 1, and the intersection region of area z and winding ccmApJa + L 
The resulting percentage winding count is then given by: 

('^ - z> + ( A - r) + + 1 j - + A 

which is sin«>ly the sum of the percentage winding counts of the two regions being 
combined. The percentage winding count of the accumulator is thus updated with this 
value: 

+ A. 

As mentioned previously, the method 600 incrementally combines all the single 
closed loops of the same direction into the respective accumulators. Consequently, die 
final percentage winding count of an accumulator is the sum of the pen^ntage winding 
coimts, that is area values, of all the single closed loops having the respective same 
directions. This summing operation of the area values will result in any area value of any 
intersecting regions contributing to the sum two or more times depending upon the 
number of closed loops that forms the intersection region. The number of times a 
particular area of a closed loop contributes to the sum is the winding comit wiAin that 
area. In this way. the percentage winding count is effectively a weighted average of the 
winding counts, where the weighting coefficients are the area values of those regions 
having those winding counts respectively. 

Computation of the coverage area of the combined region is dependent on how the 
two regions intersect one another, which is in turn dictated by the interaction between the 
two binary masks nia and B. This is summarised in Table 1 below. 



ANDB 


a' 


0 


a + A 




A 


B 


a 


Otherwise 


a + Afl -a) 
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The new coverage area denoted by a' then replaces the original coverage area of 
the accumulator: 

In a simpler variation of the present method, the intersection area between the 
constituent region and the accumulator is approximated by the product Aa. reganlless of 
the values of and B. The coverage area of the accumulator is thus updated acconJing 
to 

a<-a+A(l-tf). 
Finally, the binary mask of the accumulator is updated according to 

fn„<-m„ ORB. 

As mentioned above, it is possible that two or more regions of the closed loops 
having the same winding count sign will intersect. As distinct from the winding counts, 
the area of any intersecting region contributes only once to the area value of flie coverage 
area, as this area value is stricUy representative of the area of the closed loops. 
8.1 Merging Regions of the Clockwise and Counterclockwise Accumulators 

Alter all the clockwise and counterclockwise single closed loops have been 
merged into the respective clockwise and counterclockwise accumulators, the method 600 
merges these two accumulators together and converts the weighted average winding 
count of each resulting subregion into opacity values to obtain the final oveiaU opacity of 
the pixel. Smce the accumulators represent region of opposing clockwise and counter- 
clockwise directions, their combination is destmctive. 

The method 600 divides the percentage winding count of each accumulator by its 
coverage area to obtain the weighted average winding comit. Let these be denoted by w+ • 
and H.. for the clockwise and counter-clockwise accumulators respectively. Depending 
on how the coverage areas of the accumulators intersect, their combination can produce 
up to 3 subregions having winding counts w^, and - w_ (as well as a subregion of 
zero winding count). 
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nie coverage area of each of these subregions is detennined by the coverage areas 
currently, denoted by and and their respective binary masks stored in the two 
accumulators, denoted by /«+ and tn., in accordance with Table 2. 

Table 2. Coverage area of each resulting subregion under different intersecting 

conditions. 



1 Condition 




s 




nu AND w_ = 0 






0 


AND m^^m^) and (o- ^ a+) 


0 




a+ 


(m AND m- = WL.) and (a+ > aJ) 




0 




Otherwise la^d^aJ) 







Namely, the clockwise accumulator is designated as storing a weighted average 
winding count = and binary mask m+ representing the combined clockwise single 
closed loops and the counterclockwise accumulator is designated as storing a weighted 
average winding count w. = a. and binary mask m. representing the combined 
counterclockwise single closed loops. The method firstly determines the winding count 
value (w^ - w.) and then determines the coverage area values s+ , s., and s^ associated 
with the respective winding count values w. . w., and (w^ - w.) of the respective three 
sub-regions depending upon the aforementioned conditions. For example, if the 
condition (m. AND »u = and («. ^ a.) holds TRUE, then the coverage area values for 
the three subregions are computed as s. = 0 . s. = a. - a., and s. - a.. THe method 600 
then utilises the winding count values w^ , w.. and (w. - w.) and area values s. . s^ and s. 
^ of the three subregions for determining the real opacity of the pixel. Hie manner in 
which this is achieved is described in more detaU in the next section "9.0 Computing the 
Real Opacity of the Pixel". 
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9.0 Computiag the Real Opacity of the Pixel 

The opacity of each of these subregions ,s. and s.. is a function of its winding 
count and the fill rule being used. Due to the weighted average winding count 
approximation, the winding count of each subrt:gion may not necessarily be an integral 
number. The fiU rules specified in equations (I), (2) and (3) are preferably modified to 
take into account these non-integral winding count values. 

One possibility for the winding-counting fill rule is to extend Eqn. (3) which 
i^lates absolute winding counts to real opacities to accept non-integral winding counts. 
The drawback of this approach is that it does not produce satisfactory results when the 
intrinsic opacity of the polygon is one (ie. the polygon is fiUly opaque). Ih these cases, 
Eqn. (3) rctums a value of 1 regardless of how small the absolute winding count is. 

The method 600 thus adopts the foUowing approach: each absolute winding count 
n IS broken up into an integral part being the largest integer less than or equal to n 
and the remaining fractional part „.„.l„j, ^ . [Q, i). n is then assigned a real opacity' 
value equivalent to that obtained when an object of winding count n is composited over 
another object of opacity ma. From the definition of the over compositing operator given 
m Porter, Thomas, and Dufi^ "compositing Digital Images", SIGGRAPH 84. 1984, the 
relationship between absolute winding comits and real opacity values is then: 

opacity^f(n)^maHl-il-cx)\-''\)(X-mo.) ^ 
under the winding-counting fill rule. It is worthwhile noting that as « 0 and ^ ^ 1. 
the^above equation approaches the intuitive opacity values of 1 - (1 - a)" and 1 - (1 - 
ay^^ respectively. 

Under the non-zero winding fill rule, opacity values arc prefembly capped at the 
mtnnsic opacity, thus giving rise to the following equation:. 

o^ac/^=,r«;=f ;^f^=amin(U) ^qn. (7) 

which is equivalent to a cap of the wmding count at the maximum value of 1. 

The winding count under the odd-even fill rule on the other hand, is 'Wed" 
back and forth between the maximmn and minimum values of 1 and 0 respectively. That 
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is, if L„J is even, then the "effective winding counf * is given by n^lnj^ When [nj is odd, 
it is l-(«-[iiJ). The opacity value is then computed as the product of the effective 

winding count and the intrinsic opacity, giving rise to the equation: 

>v t f(n-LnJ)<^ Injeven 

Notice again that the above equation produces the expected opacity value when n 
is a pure integer number. 

As described in section 8.1, merging the contents of the clockwise and 
coimtcrclockwise accumulators can create upto three sub-regions of different winding 
counts, namely w,, |w+ - >v-(. Having computed the areas of these sub-regions, 
denoted by s+, s., and s+. respectively (see table 2), there are a number of possible 
methods for detennining the overall real opacity of the pixel as will now be described. 

In the first method, the overall real opacity of the currently scanned pixel is 
computed as the weighted average of the real opacities of the different sub-regions, 
wei^ted by their coverage areas. This overall real opacity is obtained using the 
following formulae: 

Overall Opacity - s+f(|w+|) + s J(K|) + s-4.f(|w+ - w.| ), Eqn. (9) 

where fQ is any one of the opacity functions specified in Eqns. (6), (7) or (8). 
In an alternative method, the overall opacity of the pixel is computed by 
computing first the average absolute winding count of the three sub-regions as well as the 
empty sub-region of the pixel, and then converting it into a overall real opacity value. 
This overall real opacity is obtained using the following formulae: 

Overall Opacity = f(s+|w+|-f s-(w.| + s.+|w+ - w.| ), Eqn. (10) 

where fQ is any one of the opacity functions specified in Eqns. (6), (7) or (8), 
In another alternative method, die overall opacity of the pixel is computed by first 
computing the average absolute winding count of the three non-empty sub-regions and 
then converting it into a real opacity value. In this case, the overall real opacity value is 
obtained using the following formulae: 
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OveraUOpacity«f((s.K,+ s.|w.|*s.|w.-w.,)/(s.. . + Eqn. 

01) 

where fO is any one of the opacity functions specified in Eqns (6). (7) or (8). 
After the overall opacity of the pixel has been computed, the method 600 then 
renders the pixel in accordance with this overaU opacity. 
10.0 The Rendering Method 600 in More Detafl 

This section describes in more detail the st^s 618 throu^ to 622 of the method 
600 of rendering the self^overlapping polygon. 

As stated in Section 3 "Polygon Decomposition", the winding counts at all points 
within a given pixel is fully determined by the set of contour segments appearing in the 
pixel, and the winding count of a single reference point on the pixel boundary (assuming 
m that aU contours that reside completely within the pixel have been itanoved by the straight 

line approximation scheme described in Section 4.0). Let this reference point be denoted 
by S, and let its winding count be fV. Also, without loss of generality, let the windmg 
counts be measured such that points enclosed by clockwise loops are given positive 
winding counts and points enclosed by counter-clockwise loops are given negative 
winding coimts. 

Turning now to Figs. 26A and 26B, there is shown in mor^ detail a flow chart of 
steps 618 to 622 of Fig. 6 in accordance with the method 600. After each contour 
segment within the currently scanned pixel has been approximated 616. the method 600 
proceeds to step 2602. The medxod 600 during step 2602 resets to zero the percentage 
Winding count and coverage area values in both the clockwise and counterclockwise 
accumulators. ll.e method 600 also sets the binary masks associated with respective 
clockwise and counterclockwise accumulators to zero. ll,e method 600 then proceeds to 
step 2604. where a variable w is set to the initial winding count W of the starting point S. 

After completion of step 2604. the method 600 proceeds to step 2606. where the 
method 600 traverses along the boundary of the currently scamred pixel in a clockwise 
direction fiompoint^until an entry or exit point ofacontour segment or the point^is at 
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last encountered. The travensal is such that the point S is fct encountered when the 
method has traversed right around the boundary of the pixel. The entry point of a contour 
segment is that point on the pixel boundaiy where the contour segment enters the 
currently scanned pixel with reference to the associated direction of the contour segment. 
5 The exit point of a contour segment is that point on the pixel boundary where the contour 
segment exits the cmxently scanned pixel with reference to the associated direction of the 
contour segment Namely, the associated di^ction of the contour segment at the entry 
point points inside the pixel and the associated direction of the contour segment at the exit 
point points outside the pixel. 

10 For ease of explanation, the method 600 is described in terms of traversing the 

boundary of the currently scamied pixel and visiting entry and exit points of contour 
segments and the initial point S, processing these contour segments in tum, and the 
subsequent removaJ of contour segment(s) from the currently scamxed pixel. In practice, 
the method 600 does not physically traverse the boundary of the cmrently scanned pixel 
5 and remove these contour segments. Rather, the method 600 preferably generates an 
indexed list of these entry and exit points of the contour segments together with the initial 
point S and then processes these points in sorted order and flags those contour segments 
H in the list as being removed and/or traversed when required. Preferably, each entry and 

exit point of this list is assigned a value representing the distance from the startmg point S 
20 to the entty or exit point measured around the pixel boundary in the clockwise direction. 
The list is sorted in accordance with this value. Each entiy and exit point of the list is 
also assigned a unique number indicating the contour segment to which it belongs. In the 
case where an entry or exit point is located at the starting point S, then the aforementioned 
value is assigned a small non-zero value in order to distinguish it from the starting point 
25 S. niis indexed list may be generated from the cmrent sub-list of straight-line segments 
for the currently scaimed pixel. 

The method 600 performs the foUowing operations 2608 to 2620 on each 
traversed point of the currently scamied pixel. The method wiU now be described with 
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respect to a currently traversed point For further ease of explanation, the first traversed 
point immediately prior to the currently traversed point that has not been removed is 
referred to herein as the previous traversed point. The contour segment that has as one of 
its end points the currently traversed point is referred to herein as the current contour 
( segment. The contour segment that has as one of its end points the previous traversed 
point is referred to h^n as the previous contour segment. 

After the method 600, reaches an entry or exit point of a contour segment or point 
S, the method proceeds to decision block 2608, where a check is made whether the 
currently traversed point is point S. If the decision block 2608 returns TRUE (Yes), the 
method 600 proceeds to decision block 2622. This branch of the decision block 2608, is 
concerned with the final processing of the currently scamied pixel and will be discussed 
later in the description. On the other hand, if the decision block 2608 returns FALSE 
(No), the method 600 proceeds to decision block 2610. The latter branch of the decision 
block 2608 is concerned with the earUer processing stages of the currently scanned pixel, 
and now will be described. 

The decision block 2610 checks whether the currently traversed point is an exit or 
an entry point of a contour segment If the decision block 2610 determines that the 
currently traversed point is an entry point, the method 600 proceeds to step 2612, where 
the variable w is decremented by one. On the other hand, if the decision block 2610 
detemimes that the cmxently traversed point is an exit point the method 600 proceeds to 
step 2614, where the variable w is incremented by one. 

After completion of steps 2612 or 2614, the method 600 proceeds to decision 
block 2616. The decision block 2616 makes a check whether the absolute value of the 
current value of the variable w was decreased as a insult of steps 2612 or 2614. If the 
decision block 2616 returns FALSE (No), then the method 600 returns to step 2606, 
where the method 600 traverses to the next exit point, entry point, or if there are no more' 
exit or entry points to point S. The method 600 then processes this new point in the same 
fashion as described above. 
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On the other hand, if the decision block 2616 returns TRUE (Yes), then the 
method 600 proceeds to step 2618. During step 2618, the method 600 creates a single 
closed loop fix)m one or two contour segments and updates the appropriate clockwise or 
counterclockwise accumulator. The manner in which this step 2618 perfonns these tasks 
will be described later in more detail with reference to Fig. 27. After the completion of 
the step 2618, the method 600 then proceeds to step 2620. 

The method 600 during step 2620 removes those contour segments from the pixel 
that make up the single closed loop created during step 2618. As mentioned previously, 
these contour segments are not physically removed from the currently scanned pixel, but 
rather the method 600 flags those contour segments in the indexed list as being removed. 
After completion of the step 2620, the method 600 returns to step 2606, where the method 
g 600 traverses to the next exit point, entry point, or if thet« are no more exit or entry points 

to point S. The method 600 then processes this new point in the same fashion as 
described above. 

15 As mentioned earUer, if the decision block 2608 returns TRUE (Yes), that is the 

currently traversed point is point the method 600 then proceeds to decision block 2622, 
where the method 600 commences the final processing of the cuoently scanned pixel. 

During decision block 2622. the method 600 checks whether the cuirently updated 
variable w is greater than zero. If the decision block 2622 determines that the cuirently 
20 updated variable w is greater than zero, the method 600 proceeds to step 2624. 

A positive non-zero value ofw indicates that, in addition to the contour segments 
that have been processed and whose resulting constituent regions have been added to the 
accumulators, the cuirently scanned pixel is also fully enclosed by M clockwise loops. 
The contribution of these loops wiU need to be added to the clockwise accumulator to 
25 obtain the true average winding cotmt of the pixel. 

The method during step 2624. then adds the cmrently updated variable w to the 
pereentage winding count of the clockwise accumulator, sets the associated binary mask 
of the clockwise accumulator to fidl indicating that the region associated with the 
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clockwise accumulator covers the entire area of the cunently scanned pixel, and sets the 
area value of the clockwise accumulator to one. After completion of step 2624, the 
method 600 proceeds to step 2630. 

On the other hand if the decision blocks 2622 and 2626 detennine that the 
5 currently updated variable w is less than zero, the method 600 proceeds to step 2628. 

A negative non-zero value of w indicates that, in addition to the contour segments 
that have been processed and whose resulting constituent regions have been added to the 
accumulators, the cuirently scanned pixel is also fiilly enclosed by \w\ counterclockwise 
loops. The contribution of these loops will need to be added to the counterclockwise 
10 accumulator to obtain the true average winding count of the pixel. 

The method during step 2628, then adds the currently updated variable w to the 
percentage winding count of the counterclockwise accumulator, sets the associated binary 
mask of the counterclockwise accumulator to fuU indicating that the region associated 
with the counterclockwise accumulator covers the entire area of the currently scanned 
J 15 pixel, and sets the area value of the counterclockwise accumulator to one. After 
completion of step 2628, flie method 600 proceeds to step 2630. 

On the other hand if the decision blocks 2622 and 2622 determine that the 
currently updated variable w is equal to zero, then the method 600 proceeds diiwtly to 
step 2630. 

During step 2630, the method 600 combines the clockwise and counterclockwise 
accumulators and computes the real opacity of the currenUy scanned pixel. The manner 
in which the method 600 performs these tasks will be described later with inference to 
Fig. 30. After completion of this step 2630, the method 600 thai proceeds to step 624, 
where the cuirently scanned pixel is rendered in accordance with the real opacity 
computed during step 2630. After completion of step 624, the method 600 then proceeds 
to the next pixel within the scanline for processing. If there are no more remaining pixels 
within the scanline to be processed, the method 600 terminates and retums to the main 
method. 
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Tuming now to Fig. 27, there is shown in more detail a flow chart of step 2618 of 
Fig. 26A in accordance with the method 600. In the event decision block 2616 (Fig. 26A) 
returns TRUE (Y es), the method proceeds to decision block 2702 (Fig. 27). 

The decision block 2702 determines whether there are any previously traversed 
entry or exit points that have not yet been removed by step 2620 (Pig. 26A). If the 
decision block 2702 returns TRUE (Yes), the method 600 then proceeds to decision block 
2704, otherwise the decision block 2702 returns FALSE (No) and the method 600 
proceeds to step 2710. In the specific case, where the currently traveled point is the first 
traversed point, then the decision block 2702 returns FALSE (No) and the method 600 
proceeds to step 2710. 

I The decision block 2704 makes a check whether the currently traversed point and 

^ the previous traversed point belong to the same contour segment. If the decision block 

2704 returns FALSE (No), then the method 600 proceeds to step 2706. 

The method 600, during step 2706, then combines the respective regions defined 
by the current contour segment and previous contour segment to create a single closed 
loop. The step 2706 then updates the appropriate clockwise or countcrelockwise 
accumulator with this newly created single closed loop, to this fadiion, the method 600 
comiects a pair of contour segments of opposing directions mto a single closed loop and 
adds it to the appropriate accumulator. The mamier in which this step 2706 performs 
these tasks will be described later in more detail with reference to Figs. 28A and 28B. 
After the completion of the step 2706, the method 600 then proceeds to step 2620. 

On the other hand, if the decision block 2704 returns TRUE (Yes), that is if the 
currently traversed point and the previous traversed point belong to the same contour 
segment, then the method 600 proceeds to step 2708. The method 600, during step 2708, 
creates a single closed loop defined by the current contour segment that excludes the 
starting point S. In this regard, it should be noted that the single closed loop is formed 
ftom this contour segment only and not a pair of contour segments. Specifically, the step 
2708 computes the area value A of that region bounded by the current contour segment 
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and the pixel boundary that excludes the starting point S. Jn computing this area value A, 
the step 2708 utilizes those techniques as described above in Section "5.0 Coverage area 
of a Region defined by a single contour segment". The step 2708 fiirthermore creates a 
binary mask B= mx representative of this single closed loop in the manner as described in 
Section "7.1 Mask Creation". After completion of step 2708, the method 600 then 
proceeds to decision block 2712. 

Returning now to decision block 2702, if this decision block 2702 returns FALSE 
(No), that is if all of previously traversed entry or exit points have been removed by step 
2620 (Fig, 26 A), the method proceeds to step 2710. 

The method 600, during step 2710, creates a single closed loop defined by the 
current contour segment that includes the starting point S. In this regard, it should be 
noted that the single closed loop is formed from this contour segment only and not a pair 
of contour segments. Specifically, the step 2710 computes the area value A of that region 
bounded by the current contour segment and the pixel boundary that includes the starting 
point S, In computing this area value A, the st^ 2710 utilizes those techniques as 
described above in Section "S.O Coverage area of a Region defined by a single contour 
segment". The step 2710 fiirtbemiore creates a binary mask B = m* representative of this 
single closed loop m the manner as described in Section "7.1 Mask Creation". After 
completion of step 2710, the method 600 then proceeds to decision block 2712. 

The decision block 2712 checks whether the currently traversed point is an entry 
point. If the decision block 2712 returns TRUE (Yes), then the method proceeds to step 
2716, where the single closed loop determined during stqis 2710 or 2708 is added to the 
clockwise accumulator. The manner in which this stqp 2716 performs this task will be 
described later in more detaU with reference to Fig. 29. If the decision block 2712 returns 
FALSE (No), then the method proceeds to step 2714, where the single closed loop 
detemiined during steps 2710 or 2708 is added to the counterclockwise accumulator. The 
manner in which this step 2714 performs this task will be described later in more detail 
with reference to Fig. 29. In this way, the decision block 2712 detemiines whether the 
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single closed loop dctennincd during steps 2710 or 2708 is a clockwise closed loop or a 
counterclockwise closed loop and adds it to the appropriate accumulator. After the 
completion of steps 2710 or 2708, the method then proceeds to step 2620(Fig. 26A). 

Turning now to Figs. 28A and 28B, there is shown in more detail a flow chart of 
5 step 2706 of Fig. 27 in accordance with the method 600. After the decision block 2704 
returns FALSE (No), the method 600 then proceeds to step 2802. 

The method 600 during this step 2802 detennines the area value of the region 
defined by the previous contour segment. Specifically, the step 2802 computes the area 
value X of that region bounded by the previous contour segment and the pixel boundaiy 
g 10 that includes the currently traversed point and assigns it to a variable x. In computing this 
Q area value, the step 2802 utilises those techniques as described abpve in Section "J.O 

I Coverage area ofa Region defined by a single contour segment". Hie method during this 

y step 2802 also creates a binary mask m, representative of the region defined by the 

□1 previous contour segment in the mamier as described in Section "7.7 Mask Creation". 

15 After the completion of this step 2802, the method 600 proceeds to step 2804. 
I The method 600 during this step 2804 detemiines the area vahie y of the region 

I defined by the current contour segment. Specifically, the step 2802 computes the area 

a value y of that region bounded by the current contour segment and the pixel boundary 

that excludes the previous traversed point and assigns it to a variable y. In computing this 
20 area value, the step 2804 utilises those techniques as described above in Section "4.0 
Coverage area of a Region defined by a single contour segment". The method also 
during this step 2804 creates a binary mask m^ representative of the region defined by the 
current contour segment in the manner as described in Section "Z/ Mask Creation". 
After the completion of this step 2804, the method 600 proceeds to step 2806. 
25 The method during this step 2806 perfomis the togical operation mxy = mx A>n> 

m,. where the binary masks m, and my are representative of the previous and current 
contour segments respectively. Afler completion of this step 2806, the method proceeds 
to a series of decision blocks 2808 and 2810. The purpose of step 2806 and decision 
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blocks 2808 and 2810 is to detemiine whether one region is subsumed by the other, and if 
so which region. 

Specifically, after completion of step 2806, the method 600 proceeds to decision 
block 2808 where a check is made whether my = and x>=y. Namely, the decision 
block 2808 checks whether region y defined by the current contour segment is totally 
subsumed within the region x defined by the previous contour segment If the decision 
block 2808 returns TRUE (yes), then the method proceeds to step 2812. 

The method during this step 2812 creates the constituent region of the single 
closed loop comprising the current and previous contour segments. Specifically, the 
method 600 determines the area value of A = x - y of this new constituent region and 
creates a binary mask B= mx XOR my representative of this new constituent region. 

Aflcr completion of step 2812, the method proceeds to decision block 2816, where 
a check is made whether the currently traversed point is an entry point. If the decision 
block 2816 returns TRUE (Yes), then the method 600 proceeds to step 2822, where the 
new constituent region is added to the clockwise accumulator. On the other hand, if the 
decision block 2816 returns FALSE (No), then the method 600 proceeds to step 2820, 
where the new constituent region is added to the counterclockwise accumulator. The 
steps 2822 and 2820 both call the same sub-process for adding their respective constituent 
regions to the accumulators, This sub-piocess is described in more detail later with 
reference to Fig. 29. 

On the other hand, if the decision block 2808 returns FALSE (No) the method 600 
proceeds to decision block 2810, where a check is made whether mx - mxy and y>=x. 
Namely, the decision block 2810 checks whether the region x defined by the previous 
contour segment is totally subsumed within the region y defined by the current contour 
segment. If the decision block 2810 returns TRUE (yes), then the method 600 proceeds 
to step 2814. 

The method during this step 2814 creates the constituent region of the single 
closed loop comprising the current and previous contour segments. Specifically, the 
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method 600 determines the area value of A = y - x of this new constituent region and 
creates a binary mask B = m^ XOR ray representative of this new constituent region. 

After completion of step 2814, the method proceeds to decision block 2818, where 
a check is made whether the currently traversed point is an entry point If the decision 
block 2818 returns FALSE (No), then the method 600 proceeds to step 2822, where the 
new constituent region is added to the clockwise accumulator. On the other hand, if the 
decision block 2818 returns TRUE (Yes), then the method 600 proceeds to step 2820, 
where the new constituent region is added to the counterclockwise accumulator. 

As mentioned previously, the steps 2822 and 2820 both caU the same sub-process 
for adding their respective constituent regions to the accumulatore. This sub-process is 
described in more detail later with reference to Fig. 29. After completion of steps 2820 
and 2822, die method 600 thai proceeds to step 2620 (Fig. 26A). 

If on the other hand, decision block 2810 returns FALSE (No), then the current 
and previous contour segments form a self-intersecting loop and the method 600 proceeds 
to step 2824. The step 2824 divides the constituent region of this self-interaecting loop 
into two sub-regions, one defining the clockwise sub-region and the other the 
counterclockwise sub-region of the loop. Specifically, the step 2824 determines for a first 
sub-region the area value A = x -xy and the binary mask B = m, - m.^ representative of 
this first subregion, and also determines for a second sub-i^gion the area value A = y -xy 
and the binary mask B = my - m.y representative of this second subregion. Note the sum 
of the area values of these two sub-regions is equal to the area value specified by Eqn. 
(5). 

After the completion of step 2824. the method proceeds to decision block 2826, 
where a check is made whether the currently traversed point is an entry point. If the 
decision block 2826 retmns TRUE (Yes), then the method 600 proceeds to steps 2828 
and 2834, where the first subregion is added 2828 to the clockwise accumulator and the 
second subregion is added 2834 to the counterclockwise accumulator. If on the other 
hand, the decision block 2826 returns FALSE (No), then the method 600 proceeds to 
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Steps 2830 and 2832, where the first subregion is added 2830 to the counterclockwise 
accumulator and the second subregion is added 2832 to the clockwise accinnulator. 

The steps 2828, 2830, 2832, and 2834 each call the same sub-process for adding 
their respective sub-regions to their respective accumulators. This sub-piocess is 
described in more detail later with reference to Fig. 29. After completion of steps 2834 
and 2832, the method 600 then proceeds to step 2620 (Fig. 26A). 

Turning now to Fig. 29, there is shown a flow chart of the sub-process adapted to 
be called by any one of the steps 2716, 2714, 2820, 2822, 2828, 2834, 2830, and 2832 of 
Figs. 27, 28A and 28B in accordance with the method 600, The method 600 passes to the 
sub-process an area value A and a binary mask B for updating the appropriate 
accumulator. The process firstly proceeds to a step 2902, where a binary mask m^ » m^ 
AND B is computed, where ma is the binary ma^k currently stox^ in the accumulator and 
B is the binary mask passed to the process. The sub-process then proceeds to a decision 
block 2904, where a check is made whether the binary mask m^ is zero. If the decision 
block 2904 returns TRUE (Yes), then the process continues to step 2916, which sets a 
variable a' to a + A, where a is the area value currently stored in the accumulator and A is 
the area value passed to the sub-process by the method 600. 

If on the other hand, the decision block 2904 returns FALSE (NO), then the sub- 
process continues to decision block 2906, where a check is made whether the binary mask 
rtiz equals m^. If the decision block 2906 returns TRUE (Yes), then the sub-process 
proceeds to step 2910, which sets the variable a' to A, On the other hand, if the decision 
block 2906 returns FALSE (NO), the sub-process continues to decision block 2908, 
where a check is made whether mz = B. If the decision block 2908 returns TRUE (Yes), 
then the sub-process continues to step 2914, which sets the variable ^' to a. On the other 
hand, if the decision block 2908 returns FALSE (No), then the sub-process continues to 
step 2912, which sets the variable a* to a + A(l-a), 

After the completion of either one of the steps 2910, 2912, 2914 or 2916 the sub- 
process proceeds to step 2918, which updates the values stored in the appropriate 
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accumulator. Specifically, the sub-process updates the coverage area variable a currently 
stored in the accumulator with the value a*, the percentage winding count variable pa 
currently stored in the accumulator with the value p^ + A, and the binary mask m, 
currently stored in the accumulator with the binary mask ma OR B. After con^Ietion of 
the i^dating step 291 8 the sub-process returns to the main method 600. 

Turning now to Fig. 30, there is shown in more detail a flow chart of step 2630 of 
Fig. 26B in accordance with the method 600. This step 2630 is concerned with the final 
processing of the currently scanned pixel and combines the contents of the clockwise and 
counterclockwise accumulators and then finally computes the real opacity of the currently 
scanned pixel. Since the accumulators represent regions of the opposing clockwise and 
counterclockwise directions, the combination of these two regions is destructive resulting 
in up to three sub-regions: (i) the intersection region between the clockwise and 
counterclockwise accumulators (ii) the region defined by the clockwise accumulator 
excluding the intersection region (iii) the region defined by the counterclockwise 
accumulator excluding the intersection region. This step 2630 computes the weighted 
average winding count values and area values for these sub-regions denoted by s+- , s+ and 
s. respectively and then computes the overall real opacity of the currently scanned pixel 
using these values. 

After completion of any of the steps 2624 or 2628, or decision block 2626 
(Fig.26B), the method 600 proceeds to step 3002. The method 600 during step 3002 
computes an weighted average winding count iv+ = p+/a+ , where p+ is percentage 
winding count variable currently stored in the clockwise accumulator, and a+ is the 
coverage area variable currently stored in the clockwise accumulator. The method 600 at 
the same time computes the weighted average winding count w. = pia. , where p. is 
percentage winding count variable currently stored in the counterclockwise accumulator, 
and a, is the coverage area variable currently stored in the counterclockwise accumulator. 
The preferred method also computes the weighted average winding count |iv+->v-|. After 
the completion of step 3002, the method 600 proceeds to step 3004, where the method 
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computes the binary mask m = m+ AND m. , where m+ and m. are the binary masks 
currently stored in the clockwise and coxmterclockwise accumulator respectively 

After completion of step 3004, the method 600 proceeds to decision block 3006 
where a check is made whether the binary mask m « 0. If the decision block 3006 returns 
TRUE (Yes), then the method 600 proceeds to step 3018. The mediod 600, during step 
3018, then sets the area values of three subregions according to s^- = a+, = a^ and = 
0. On the other hand, if the decision block 3006 rehims FALSE (No), then the method 
600 proceeds to decision block 3008, where a check is made whether m = m-h and a. >= 
a+. If the decision block 3008 returns TRUE (Yes), then the method 600 proceeds to step 
3012. The method 600, during step 3012, then sets the area values of the three subregions 
according to s*. = 0, s- = a.-a+ and s-* = a+. On the other hand, if the decision block 3008 
returns FALSE (No), then the method 600 proceeds to decision block 3010, where a 
check is made whether m = m. and a+ a.. If the decision block 3010 returns TRUE 
(Yes), then the method 600 proceeds to step 3016. The method 600, during step 3016, 
then sets the area values of the three subregions according to s+ = a4-a-, s- = 0 and = a.. 
On the other hand, if the decision block 3010 rctums FALSE (No), then the method 600 
proceeds to step 3014. The method 600, during step 3014, then sets the area values of the 
three subregions according to s+ = a+(l-a.), s- = a-(l-af.) and $-+ = a^. The method 
proceeds to step 3020, after the area values s+ , s- and s-4. have been set by the relevant 
step 3012, 3014, 3016, or 3018, 

The method 600 during step 3020 computes the overall opacity of the currently 
scanned pixel utilising these area values s+. , s- and s^ and their associated weighted 
average winding count values and Iw+'W.!. Specifically, the method 600 

computes the overall opacity of the currently scanned pixel using the techniques as 
described in the aforementioned section "9,0 Computing the Real Opacity of the Pixel". 
After completion of this step 3020, the method 600 proceeds to step 624 (Fig. 6), where 
the currently scanned pixel is rendered in accordance with the computed overall real 
opacity. 

*■ 
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Although the method 600 described above performs the traverse of the pixel 
boundary in the clockwise direction, it can easily be adapted by those skilled in the art so 
that the traverse is performed in the opposite direction. 
10.1 Illustrative Example of the Preferred Rendering Method 

The method 600 will now be described with reference to a particular example. 

Fig. 22 shows a pixel containing 3 contour segments b and c. This example is 
identical to that shown in Fig. 7 except ttiat the contour segments have been approximated 
with straight-line segments. The starting point S has been chosen in this example to be 
the top-left comer of the pixel. The initial winding count of this point is zero. 

Tracing begins at point S, moving along the pixel boundary in the clockwise 
direction. The first contour segment encountered is Since this is the entry point of the 
contour segment, the winding count is decremented to -1. As this represents an increase 
in the absolute value of the winding count, tracing continues. The next contour segm^t 
that is encountered is a. Again this is an entry point and hence the winding count is 
decremented to -2. 

Tracing continues until the next contour segment c is reached. This time it is the 
exit point and hence the winding count is incremented back to -1. Since this rqpiesents a 
decrease in the absolute winding count, the current contour segment c is paired with the 
previous contour segment, a, to create a single constituent region. This region is fomied 
by destructively combining the regions defined by the individual contour segments, as 
shown in Fig. 23, Notice that the region due to a, denoted by A, is defined such that it 
includes tibe cuirent trace point Pc where c is encountered^ whilst that due to c, denoted by 
C, is defined such that it excludes the earlier point Pa where a was encountered. 

The areas of regions A and C are then computed using the Type 2 formula shown 
in Fig. 13B. Let these be 0.5 and 0.45 respectively. Since A does not subsume C, the 
intersection area between the two regions is approximated by the product of their 
individual areas, which is 0.5 x 0.45 = 0.225. The combination ol A and C defines a 
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counter-clockwise subregion in the upper half of the pixel, and a clockwise subregion in 
the lower half. The areas of these subregions are given by 

(area of A)-- (area of intersection region) and 

(area ofC)- {area of intersection region) 
5 respectively, which work out to be 0.5 - 0.225 « 0.275, and 0.45 - 0,225 = 0.225. These 
areas are then added to the percentage winding counts of the counter-clockwise and 
clockwise accumulators respectively. They are also used to update the coverage areas of 
the accumulators. Since both accumulators are initially empty, their new percentage 
winding count values as well as their coverage areas are simply 0.275 and 0.225 
10 respectively. 

Ej Following updating the accumulators, both contour segments a and c are removed 

n i 

fjl from the pixel, leaving a single contour segment b remaining, as shown in Fig. 24. 

n Tracing then continues from the current point Pc- The next point where a contour 

0^ segment is encountered is the exit point of b, which causes the winding count to be 

Lg, 15 incremented from -1 to 0. Again this represents a decrease in the absolute value of the 
winding coimt, and hence a constituent region is created. 

Since b is also the only contour segment that remains, the constituent region is 
formed solely from b. The region fomied includes points from Pb\ to Pia ( ^d hence 
excludes point S) as the cimrently traversed point Pbi and the previous traversed point Pi,\ 
20 belong to the same contour segment (see step 2708). Its area is computed using the Type 
2 fonnula in Fig. 13B. Since the region is defined by counter-clockwise edges, its area^ 
which works out to be 0.65, is then added to the percentage winding count of the counter* 
clockwise accumulator, bringing its value to 0.275 + 0.65 = 0.925. The coverage area of 
the accumulator is also updated to 0.65, the area of the new constituent region, due to the 
25 fact that this new region subsumes the existing coverage area of the accumulator. 

The contour segment b is then removed and tracing continues all the way back to 
point 5, encountering no further contour segments. The final winding count at ,S is zero, 
and hence no further updates are made to the two accumulators. 
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Finally, the two accumulators are combined. Since the coverage areas of the 
accumulators do not intersect, as illustrated in Fig. 25, the overall opacity of the pixel is 
simply the sum of the real opacities of the accumulators, weighted by their coverage 
areas. To obtain the opacity value of each accumulator, its weighted average winding 
count is computed by dividing the percentage winding count by the coverage area. These 
work out to be 0.925/0.65 = 1.4231 for the counter-clockwise accumulator, and 
0.225/0.225 = 1 for the clockwise accumulator. 

Computing now the overall real opacity of the example pixel according to the 
winding-counting fill rule and using the afor&-mentioned Eqns (6) and Eqns (9), the 
overall real opacity is: 

0.65(0.423 la + a(l - 0.4231a)) + 0,225(af), where a is the intrinsic opacity of 
the polygon. 

On the other hand, the overall real opacity of the example pixel according to the 
non-zero winding fill rule and using Eqns (7) and (9) is: 

0.65(a) 'f0,225(a). 

Whilst, the overall real opacity of the example pixel according to the odd-even fill 
rule and iising Bqns (8) and (9) is: 

0.65(0(1 - 0-4231)) +0,225(a). 
11.0 Variation of the Rendering Method 600 in More Detail 

Although the method 600 presented above is capable of operating under any fill 
rule, it is possible to devise a simpler and faster method that takes advantage of the 
special properties of the odd-even fill mle. 

Under the odd-even fill rule, when two singile closed loops are combined, 
regardless of whether their constituent regions are defined by edges of the same or 
opposite directions, the end result in the intersection area is always destructive. In 
addition, the resulting coverage area can effectively be treated as if it has a winding count 
of 1. This means (i) it is no longer necessary to maintain a weighted average winding 
count as constituent regions are combined together^ and (ii) only a single accumulator 
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rather than two needs to be maintained for each pixel, since it is not necessary to 
distinguish between clockwise and counter-clockwise regions. When all constituent 
regions have been processed, the overall opacity of the pixel is then preferably the 
product of the final coverage area of the accumulator and the intrinsic opacity of the 
polygon. 

For example, when two single closed loops of the same direction are combined 
xmder the odd-even fill rule, the winding coimt of the intersection area will be even and 
thus makes no contribution to the real opacity of the pixel. Consequently, two single 
closed loops of the same direction can be combined destructively. When two single 
closed loops of opposing direction are combined under the odd-even fill mle, the winding 
count of the intersection area will be zero and also makes no contribution to the real 
opacity of the pixeL Consequently, two single closed loops of opposing direction can 
also be combined destructively. Thus when two constituent regions are combined, these 
can be combined destmctively regardless of their direction. The remaining non- 
intersection areas have odd winding counts, and according to the odd^even fill rule these 
areas can effectively be treated as having a winding count of one. Thus under the odd- 
even fill rule, the weighted average of winding counts is effectively equal to tihc area 
value of the destructively combined regions. The real opacity of the currently scanned 
pixel can then be computed as being representative of the product of the intrinsic opacity 
of the polygon and the area value of the combined constituent regions. 

Turning now to Figs. 3 1 A. 3 IB and 31C, there is shown in more detail a flow 
chart of steps 618 to 622 of Fig. 6 in accordance with the variation of the method 600 for 
computing Ae overall opacity of a pixel under the odd-even fill rule. After each contour 
segment within die currently scanned pixel has been approximated 616, the method 600 
proceeds to step 3102. The method 600 during step 3102 resets to zero the coverage area 
variable in the accumulator and its associated binary mask to zero. The method 600 then 
proceeds to step 3104, where a variable w is set to the initial winding count W of the 
starting point 5. 
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After completion of step 3104, the method 600 proceeds to step 3106, where the 
method 600 traverses along the boundary of the currently scanned pixel in a clockwise 
direction from point iS' until an entry or exit point of a contour segment or the point S is at 
last encountered. This step 3106 is perfoimed in similar fashion as described with 
reference to step 2606 of Fig. 26A. As mentioned previously, the method 600 preferably 
generates an indexed list of the entry and exit points of tiie contour segments together 
with the initial point S and then processes these points in sorted order and flags those 
contour segments in the list as being removed and/or traversed when required. 
Preferably, each entry and exit point of this list is assigned a value representing the 
distance fiom the starting point to the entry or exit point measured around the pixel 
boundary in the clockwise direction. The list is sorted in accordance with this value. 
Each entry and exit point of the list is also assigned a unique number indicating the 
contour segment to which it belongs. In the case where an entry or exit point is located at 
the starting point 5, then the aforementioned value is assigned a small non-zero value in 
order to distinguish it from the starting point i^. This indexed list may be generated from 
the current sub-list of straight-line segments for the curr^tly scanned pixel. 

The method 600 performs the following op^ations 3108 to 3126 on each 
traversed point of the currently scanned pixel. The method will now be described with 
respect to a currently traversed point. For further ease of explanation, the first traversed 
point immediately prior to the currently traversed point that has not been removed is 
again referred to herein as the previous traversed point. The contour segment that has as 
one of its end points the currently traversed point is again referred to herein as the current 
contour segment. The contour segmmt tiiat has as one of its end points the previous 
traversed point is again referred to herein as the previous contour segment. 

After the method 600, reaches an entry or exit point of a contour segment or 
point S, the method proceeds to decision block 3108, where a check is made whether the 
currently traversed point is point S. If the decision block 3 108 returns TRUE (Yes), the 
method 600 proceeds to decision block 3128. This branch of the decision block 3108, is 
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concerned with the final processing of the currently scanned pixel and will be discussed 
later in the description. On the other hand, if the decision block 3108 returns FALSE 
(No), the method 600 proceeds to step 3 U 0. The latter branch of the decision block 3 108 
is concerned with the earlier processing stages of the currently scanned pixel, and now 
5 will be described. 

The method 600, during step 31 10 increments the variable w and then proceeds to 
decision block 3112. The decision block 3112 checks whether the current value stored in 
the variable w is even. If the decision block 31 12 returns FALSE (No), then the method 
600 returns to step 3106, where the method 600 traverses to the next exit point, entry 
O 10 point) or if there are no more exit or entry points to point 5. The method 600 then 
ffi processes this new point in the same fashion as described above. If on the other hand, the 

decision block 3112 returns TRUE (Yes), the method 600 proceeds to decision block 



\= 3114. 



r * The decision block 3114 determines whether there are any previously traversed 

15 entry or exit points that have not yet been removed by step 3126. If the decision block 
fy 3114 returns TRUE (Yes), the method 600 then proceeds to decision block 3116, 

Si otherwise the decision block 31 14 returns FALSE (No) and the method 600 proceeds to 

H step 3122, In the specific case, where the currently traversed point is the first traversed 

point, then the decision block 3114 returns FALSE (No) and the method 600 proceeds to 
20 step 3122. 

The decision block 3116 makes a check whether the currently traversed point and 
the previous traversed point belong to the same contour segment If the decision block 
3116 rehims FALSE (No), then the method 600 proceeds to step 3118, On the other 
hand, if the decision block returns TRUE (Yes), then the method 600 proceeds to st^ 
25 3120. 

The method 600, during step 3118, then combines the respective regions defined 
by the current contour segment and previous contour segment to create a single closed 
loop. In this fashion, the method 600 cormects a pair of contour segments into a single 
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closed loop. The manner in which the step 3118 combines these regions will be described 
later in more detail with reference to Fig. 32. After the completion of the step 31 18, the 
method 600 then proceeds to step 3124. 

The method 600, during step 3120, creates a single closed loop defined by the 
current contour segment that excludes the starting point 5'. In this regard, it should be 
noted that the single closed loop is foraied from this contour segment only and not a pair 
of contour segments. Specifically, the step 3 120 computes the area value A of that region 
bounded by the current contour segment and the pixel boxmdary that excludes the starting 
point 5. In computing this area value A, the st^ 3120 utilizes those techniques as 
described above in Section "5.0 Coverage area of a Region defined by a single contour 
segment". The st^ 3120 fiuthemiore creates a binary mask B= mx representative of this 
single closed loop in the manner as described in Section "7.1 Mask Creation". After 
completion of step 3120. the method 600 then proceeds to step 3124. 

The method 600, during step 3122, creates a single closed loop defined by the 
current contour segment that includes the starting point S. In this regard, it should be 
noted that the single closed loop is fomied from this contour segment only and not a pair 
of contour segments. Specifically, the step 3122 computes the area value A of that region 
bounded by the current contour segment and the pixel boundary that includes the starting 
point S. In computing this area value A, the step 3122 utilizes those techniques as 
described above in Section "5.0 Coverage area of a Region defined by a single contour 
segment". The step 3122 fiulhermore creates a binary mask B = mx representative of this 
single closed loop in the manner as described in Section "7.1 Mask Creation". After 
completion of step 3 1 22, the method 600 then proceeds to step 3 124. 

The method 600 then adds 3124 the single closed loop created during step 3118, 
3120 or 3122 to die accumulator. The manner in which the method 600 performs the task 
of adding a closed loop to the accumulator will be described later in more detail with 
reference to Fig. 33. After completion of step 3124, the method proceeds to step 3126. 
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The method 600 during step 3126 removes those contoiir segment(s) from the 
currently scamied pixel that make up the single closed loop created during st^ 3118, 
3120, or 3122. As mentioned previously, these contour segments are not physically 
removed from the currently scanned pixel, but rather the method 600 flags those contour 
segments in the indexed list as being removed. After completion of the step 3126, the 
method 600 returns to step 3106, where the method 600 traverses to the next exit point, 
entry point, or if there are no more exit or entry points to point S, The method 600 then 
processes this new point the same fashion as described above. 

Turning now to Figs. 32, there is shown in more detail a flow chart of step 3 1 18 of 
Fig- 3 IB in accordance with the method 600. After the decision block 3116 returns 
FALSE (No), the method 600 then proceeds to step 3202. 

The method 600 during this step 3202 determines the area value of the region 
defined by the previous contour segment. Specifically, the step 3202 computes the area 
value X of that region boimded by the previous contour segment and the pixel boundary 
that includes the cuirently traversed point and assigns it to a variable x. In computing this 
area value, the step 3202 utilizes those techniques as described above in Section "5.0 
Coverage area of a Region defined by a single contour segment". The method 600 during 
this step 3202 also creates a binary mask m^ representative of the region defined by the 
previous contour segment in the manner as described in Section "7.1 Mask Creation''. 
After the completion of this step 3202, the method 600 proceeds to step 3204. 

The method 600 during this step 3204 detennines the area value y of the region 
defined by the current contour segment Specifically, the step 3202 computes the area 
value y of that region bounded by the current contour segment and the pixel boundary 
that excludes the previous traversed point and assigns it to a variable y. In computing this 
area value, the step 3204 utilizes those techniques as described above in Section "J.O 
Coverage area of a Region defined by a single contour segment'^ The method also 
during this step 3204 creates a binary mask my representative of the region defined by the 
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cm^t ccnu^ sesmen. in a« ™ « ^ 
After the complrton of this slep 3204, the method 600 proceed, to step 3206. 

The method during thk step 3206 petfdnm the logical operation m^ - m. AND 
m, . whe« the binary madcs m. and m, a» rq»esent«ivc of flte previous and «„ten. 
contour .egm««s respectively. After completion of ads step 3206, fl» method p™c«.ds 
to a s«,es of decision blocks 3208 and 3210. The putpose of step 3206 and decision 
blocks 3208 and 3210 is to detemnn. whedter one region is subsumed by tt» oa«r. and if 
SO which region. 

Specifically, after completion of step 3206, the method 600 proceeds to decision 
block 3208 where a check is made whether m, = and x>.y. Namely, the decision 
block 3208 checks whether the region y defmed by the cuix^nt contour segment is totally 
subsumed within the region x defined by the previous contour segment If the decision 
block 3208 returns TRUE (yes), Aen the method proceeds to step 3212. 

The method 600 during this step 3212 creates the constituent region of the single 
closed loop comprising the current and previous contour segments. Specifically, the 
method 600 determines and sets 3212 the area value of A = x - y of this new constituent 
region. The method then creates 3218 a binary mask B - m. XOR m, representative of 
this new constituent region. After completion of this step 3218. the method proceeds to 
step 3124 (Fig. 31). where the single closed loop is added to the accumulator. 
20 On the other hand, if the decision block 3208 returns FALSE (No) the method 600 

proceeds to decision block 3210. where a check is made whether m, = and y>-x. 
Namely, the decision block 3210 checks whether the region x defined by the previous 
contour segment is totally subsumed within the region y defined by the current contour 
segment. If the decision block 3210 returns TRUE (yes), then the method 600 proceeds 
25 to Step 3214. 

The method 600 during this step 3214 creates the constituent region of the single 
closed loop comprising the current and previous contour segments. Specifically, the 
method 600 determines and sets 3214 the area value of A = y - x of this new consti^ent 
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region. The method then creates 3218 a binary mask B = nix XOR representative of 
this new constituent region. After completion of step 3218. the method proceeds to step 
3124 (Fig. 31), where the single closed loop is added to the accumulator. 

If on the other hand, decision block 3210 returns FALSE (No), then the current 
3 and previous contour segments form a self-intersecting loop and the method 600 proceeds 
to step 3216. The method 600 during this step 3216 creates the constituent region of the 
single closed loop comprising the cuirent and previous contour segments. Specifically, 
the method 600 determines and sets the area value of A = x + y - 2xy of this new 
constituent region. The method then creates 3218 a binary mask B m^ XOR niy 
10 representative of this new constituent region. After the completion of step 3218. the 
method proceeds to step 3124 (Fig. 31), where the smgle closed loop is added to the 



l^: accumulator. 



Turning now to Fig. 33. there is shown a flow chart of step 3124 of Fig. 3 IB in 
accordance with the variation of the method 600 shown in more detail. After completion 
15 of any one of the steps 3118. 31 16, or 3122 the method calls this step 3124, which is in 
the form of a sub-process. The method 600 passes to the sub-process 3124 an area value 
A and a binary mask B for updating the accumulator. This sub-process 3124 is 
essentiaUy equivalent to the sub-process described with reference to Fig. 29 with the 
exception of the final updating step 33 1 8 and only the latter will now be described. 
20 After the completion of any one of the steps 3310, 3312, 3314 or 3316 the sub- 

process proceeds to step 3318. which updates the values stored in the accumulator. The 
variables a and m„ denote the coverage area of the accumulator and its binary mask 
respectively stored in the accumulator and A and B denote the coverage area of 
constituent region to be merged and its binary mask respectively. Computation of the 
25 coverage area of the combined region is dependent on how the two regions intersect one 
another, which is in turn dictated by the interaction beftwecn the two binary masks and 
B, according to Table 1. The process then updates the coverage area variable a currently 
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stored in the accumulator with the value a', and the binary mask nia currently stored in the 
accumulator with the binary mask ma OR B. 

After completion of the updating step 33 1 8 the process returns to the main method 
600 and step 3 126. 

Returning to Figs. 31A, as mentioned earlier, if the decision block 3108 returns 
TRUE (Yes), that is the currently traversed point is point S, the method 600 then proceeds 
to decision block 3128, where the method 600 commences the final processing of the 
currently scanned pixel 

During decision block 3 128, the method 600 checks whether the currently updated 
variable w is even. If the decision block 3128 returns TRUE (Yes), then the method 
proceeds to step 3130, where the overall real opacity of the ciurently scanned pixel is 
computed in accordance with the formulae: 

Opacity aa, where a is the coverage area value currently stored in the 
accumulator and a is the intrinsic opacity of the polygon. Xn this particular case, as is 
even the final winding count w makes no contribution to the overall real opacity of the 
currently scanned pixel. 

On the other hand, if the decision block 3128 returns FALSE (No), then the 
method proceeds to step 3122, where the overall real opacity of the currently scanned 
pixel is computed in accordance with the formulae: 

Opacity = (l-a)a, where a is the coverage area value currently stored in the 
accumulator and a is the intrinsic opacity of the polygon. In this particular case, w is odd 
and the effect of adding to the accumulator an odd niunber of loops that fully enclose the 
pixel is equivalent to inverting the coverage area of the pixel This is because die 
additional loops combine destructively with the accumulator. 

After completion of steps 3122 or 3130, the method 600 then proceeds to step 
624, where the currently scanned pixel is rendered in accordance with the computed real 
opacity. After completion of step 624, the method 600 then proceeds to the next pixel 
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wifhin the scanline for processing. If there are no more remaining pixels within the 
scanline to be processed, the method 600 tenninates and returns to the main method. 

The aforementioned method(s) comprise a particular control flow. There are 
many other variants of the preferred method(s) which use different control flows without 
5 dqparting the spirit or scope of the invention. Furthermore one or more of the steps of the 
preferred method(s) may be pofonned in parallel rather sequential. 
12.0 Preferred Apparatus 

The method(s) of Fig. 6 and 36 are prefo-ably practiced using a conventional 
general-purpose computer system 3400, such as that shown in Fig. 37 wherein the 
10 processes of Figs. 6 and 36 may be implemented as software, such as an application 
program executing within the computer system 3700. In particular, the steps of the 
method(s) of Fig. 6 and 36 are effected by instructions in the software that are carried out 
by the computer. The software may be stored in a computer readable medium, including 
the storage devices described below, for example. The software is loaded into the 
15 computer from the computer readable medium, and then executed by the computer. A 
computer readable medium having such software or con^juter program recorded on it is a 
computer program product. 

The computer system 3700 comprises a computer module 3701, input devices 
such as a keyboard 3702 and mouse 3703, output devices including a printer 3715 and a 

20 display device 3714. A Modulator-Demodulator (Modem) transceiver device 3716 is 
used by the computer module 3701 for communicating to and from a communications 
network 3720, for example connectable via a telephone line 3721 or other functional 
medium. The modem 3716 can be used to obtain access to the Intemet, and other 
network systems, such as a Local Area Network (LAN) or a Wide Area Network (WAN). 

25 The computer module 3701 typically includes at least one processor unit 3705, a 

memory unit 3706, for example formed from semiconductor random access memory 
(RAM) and read only memory (ROM), input/output (I/O) interlaces including a video 
interface 3707, and an I/O interface 3713 for the keyboard 3702 and mouse 3703 and 
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optionaUy a joystick (not iUustrated), and an interface 3708 for the modem 3716. A 
storage device 3709 is provided and typically includes a hard disk drive 3710 and a 
floppy disk drive 3711. A magnetic tape drive (not illustrated) may also be used. A CD- 
ROM drive 3712 is typically provided as a non-volatile source of data. The components 
3705 to 3713 of the computer module 3701. typically communicate via an interconnected 
bus 3704 and in a manner which results in a conventional mode of operation of the 
computer system 3700 known to those in the relevant art. Examples of computers on 
which the embodiments can be practised include IBM-PC's and compatibles, Sun 
Sparcstations or alike computer systems evolved therefrom. 

Typically, the application program of the prefened embodiment is resident on the 
hard disk drive 3710 and read and controlled in its execution by the processor 3705. 
Ihtennediate stozage of the program and any data fetched from the network 3720 may be 
accomplished using the semiconductor memory 3706. possibly in concert with the hard 
disk drive 3710. In some instances, the application program may be supplied to the user 
encoded on a CD-ROM or floppy disk and read via the corresponding drive 3712 or 3711, 
or alternatively may be read by the user from the network 3720 via the modem device 
3716. StiU further, the software can also be loaded into the computer system 3700 fiom 
other computer readable medium including magnetic tape, a ROM or integrated circuit, a 
magneto-optical disk, a radio or infra-red transmission channel between the computer 
module 3701 and another device, a computer readable caM such as a PCMCIA card, and 
the Internet and Intranets including email transmissions and information recorded on 
websites and the like. The foregoing is merely exemplary of relevant computer readable 
mediums. Other computer readable mediums may be practiced without departmg from 
the scope and spirit of the invention. 

The method(s) of Fig. 6 and 36 may alternatively be implemented in dedicated 
hardware such as one or more integrated circuits perfoiming the functions or sub 
functions of the method(s). Such dedicated hardware may include gr^hic processors, 
digital signal processors, or one or more microprocessors and associated memories. 



58l302US.doc 



-72- 

Industrial Applicability 

It is apparent fix>m the above that the embodiments of the invention are applicable 
to the computer graphics and related industries. 

The foregoing describes only one some embodiments of die present invention, and 
modifications and/or changes can be made thereto without departing ftom the scope and 
spirit of the invention, the embodiment(s) being illustrative and not restrictive. 
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